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INTRODUCTION 
Water is the earth's most abundant compound, yet a deficit of water is 
the single most important factor limiting crop yield on a worldwide scale 
(Begg and Turner, 1976). Limitation of available moisture restricts corn 
production in some years for many of the normal corn producing areas of the 
world and frequently becomes a limiting factor in marginal regions. The 
timing of moisture stress, not only the total seasonal availability of 
moisture, is an important factor in crop production. Corn is particularly 
sensitive to timing of moisture stress, hence timing of precipitation or 
irrigation becomes an important economic factor in corn production. 
Recently there has been a growing interest in foliar application of 
balanced nutrient fertilizers on field crops. Results of experiments with 
foliar fertilizers on corn and soybeans have not given consistent results. 
Because different field experiments occur under differing conditions of 
atmospheric and plant moisture status, it would be helpful to know whether 
the effect of foliar fertilizer on crop production interacts with moisture 
status. 
In view of these factors, this research was undertaken with the follow­
ing objectives: 
1. To study the effect of timing of post-silking moisture stress on 
yield and yield components of corn grain; 
2. To study the effect of balanced foliar-fertilizer solutions 
applied to corn during the grain-filling period; 
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3. To see if an interaction can be observed between moisture stress 
and foliar fertilizer, that is, to see if corn yield response to foliar 
fertilizer depends on whether plants have been subjected to moisture stress; 
and 
4. To observe whether foliar fertilizer application influences the 
rate or seasonal duration of photosynthesis in corn leaves. 
These experiments were undertaken in the summers of 1976 and 1977 in 
the movable weather shelter facility near Ames, Iowa. This facility is 
uniquely suited to such an investigation, since several different soil 
moisture conditions can be imposed simultaneously under the same natural 
conditions of atmospheric demand. 
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LITERATURE REVIEW 
Effect of Moisture Stress on Corn 
It is a common observation that a shortage of moisture supply has 
detrimental effects on crop growth and development. Begg and Turner (1976) 
point out that, although water is the earth's most abundant compound, a 
deficit of water is the single most important factor limiting crop yield on 
a worldwide scale. Since water availability and efficient use of water in 
crop production is of such major importance, it is not surprising that 
extensive research has been conducted to obtain a better understanding of 
plant-water relationships. It is the complexity of plant and crop response 
to moisture factors that continues to provide a challenge for further 
research. Research on the physiological responses of plants to moisture 
stress has been extensively reviewed (Begg and Turner, 1976; Boyer and 
McPherson, 1975; Hsiao, 1973; Salter and Goode, 1967; Shaw, 1977a; Slatyer, 
1969). 
The economic effects of moisture stress depend on what part of the 
plant is being harvested for economic gain. An approach that has commonly 
been used in seeking to understand the effect of stress on maize has been 
to apply short periods of stress during specific stages of physiological 
development and to observe the resultant effects on crop growth and yield. 
Robins and Domingo (1953) imposed moisture stress on corn during several 
growth stages by withholding irrigation water. They found that the grain 
yield reduction resulting from moisture stress depended on the physiologi­
cal stage at which moisture was withheld and on the length of the stress 
period. Denmead and Shaw (1960) Investigated the response of corn to 
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moisture stress by applying moisture stress during three major developmen­
tal periods to corn grown in the field in 19 liter containers. They 
stressed the plants either during the vegetative stage, during silking, or 
during the ear stage (grain fill). In an attempt to define the effect of 
time of stress more precisely, Claassen and Shaw (1970a, 1970b) grew corn 
in 76 liter containers in a field plot that could be covered by a movable 
shed to withhold rainfall and applied stress during nine time periods 
throughout the growing season. Others (Barnes and Woolley, 1969; Mallett 
and DeJager, 1971a, 1971b; Wilson, 1968a, 1968b) have sought to elucidate 
the yield response of corn to moisture stress by using similar techniques 
to apply stress during short, defined time periods. A somewhat different 
approach was used by Jurgens et al. (1978), who tried to maintain their 
corn plants in containers at a nearly constant high, or low, soil-water 
potential throughout the grain-filling period. 
Sensitivity to various periods 
The extent of grain yield reduction in corn is strongly dependent on 
the physiological period in which the stress is imposed and on the duration 
and intensity of the stress. Robins and Domingo (1953) found that the 
greatest grain yield reduction resulted from stress during the pollination 
period. They found that a yield reduction as high as 50% resulted from six 
to eight days of stress. Denmead and Shaw (1960) found that moisture 
stress at silking had a greater effect on grain yield than did stress at 
any other time period. They suggest that the most critical period does not 
extend more than about three weeks after 75% silk. In their experiment, 
stress during the vegetative stage reduced yield 25%, apparently as a 
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consequence of decreased leaf area for assimilation at later stages. 
Stress during silking and ear filling apparently had a more direct effect, 
with yield reduced 50% by stress during silking and 21% by stress during 
ear filling. Claassen and Shaw (1970b) also found the greatest sensitivity 
to stress applied near silking. In one year with severe stress at silking, 
but also with a fertility deficiency, they observed a 53% yield reduction. 
They had only a 29% reduction in grain yield resulting from three to four 
days of stress near the end of silking in a subsequent year, without a 
fertility deficiency. That fertility can interact strongly with moisture 
stress was shown by Fernandez and Laird (1957). They observed that eleven 
days of drought had little effect on corn grown in Mexico at low fertility, 
but corn grown with 150 Kg/ha of N applied had a considerable yield reduc­
tion. 
In Rhodesia, Wilson (1968a) found stress just after silking to give 
the greatest yield reduction. In South Africa Mallett and DeJager (1971a) 
found that yield reduction followed a linear relationship per day of stress 
for 0 to 8 days of stress. They found that yield was reduced 4.3% per day 
of stress after silking and 3.2% per day of stress before silking. This 
latter value corresponded closely to the reduction in leaf area; hence, it 
is assumed that the reduction in yield is the result of reduced leaf area 
for assimilation as Denmead and Shaw (1960) had observed. The common 
observation in the above reports is that corn grain production is most sen­
sitive to moisture stress during the silking period. This has also been 
observed by others (Downey, 1971; Coligado et al., 1963; Volodarskii and 
Zinevich, 1960). 
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Shaw (1977a, 1977b) summarizes the results of several researchers who 
estimate yield reduction due to moisture stress and shows a mean yield 
reduction of 3% per day of stress before silking, 7% during silking, and 4% 
during the grain filling period. 
Effect of moisture stress on yield components 
The effect of timing of moisture stress on the development of corn 
yield becomes particularly interesting when the effect of stress on the 
components of yield is considered. Slatyer (1969) states that although 
maximum yield is likely to be obtained only if adequate water status is 
maintained throughout the life of cereal crops, mild or relatively brief 
stress can usually be completely compensated for by subsequent development 
under favorable conditions. The ability to compensate is not equal among 
plant species. Anthesis is probably the least adaptable time period. It 
is very brief and determines the potential sink capacity for a crop. This 
is particularly true for corn, and it is for this reason that the corn 
plant is so sensitive to moisture stress during silking. Prolific com 
varieties have shown greater flexibility for adjusting to environmental 
stress (Hallauer and Troyer, 1972) and would seem to provide a means of 
further compensation for moisture-stress effects that might occur during 
the silking period for the first ear. Indeed, Barnes and Woolley (1969) 
did find their two-eared variety to suffer only 14% yield reduction from 
moisture stress near silking compared with 73% yield reduction for a par­
ticularly sensitive single-eared variety. This tolerance, however, 
resulted more from an ability to develop the first ear than to compensate 
with second ears. 
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Damptey and Aspinall (1976) found with sweet corn that tassel growth 
was inhibited if plants were stressed during this critical stage but more 
ears were set. This presumably occurred because of reduced apical domi­
nance of the tassel. In this way, stress at an early stage could, in fact, 
enhance ear-corn production. 
Begg and Turner (1976) point out that in general a plant organ is most 
sensitive to stress during its period of rapid development. Claassen and 
Shaw (1970b) observed that the number of seeds set was reduced when stress 
was imposed near early ear shoot and ovule development and by stress during 
silking. In these cases, some compensation was observed. The seeds pro­
duced were larger than in the controls. Wilson (1968a) also observed seed-
size compensation. When stress was applied before silking, a 15% reduction 
in yield occurred, but this was composed of a 20% reduction in seed number 
accompanied by a 7.5% increase in seed mass. Stress during the vegetative 
stage resulted in the largest total yield but from fewer and larger seeds 
than in the controls. Downey (1971) observed that early stress reduced the 
number of seeds per cob and showed a small compensation in seed size. 
After the maximum seed number has been determined during pollination, 
it might be expected that further influence on yield would appear as a 
change in seed mass. Claassen and Shaw (1970b) observed that moisture 
stress during ear development resulted in a characteristic drop in seed 
weight. Wilson (1968a) found that stress as late as three weeks after 
silking resulted in both a 30% decrease in seed number and a 30% decrease 
in seed size. Downey (1971) observed a decrease in seed size resulting 
from late stress. Boyer (1976) showed that desiccation during grain fill 
brought on quick reduction in photosynthesis, but grain yield, though 
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reduced, was not reduced as severely as was dry matter production during 
the grain-filling period. Ten days after 50% silk, Jurgens et al. (1978) 
applied moisture stress to corn plants and maintained the stressed plants 
at low-water potential for the rest of the growing season. They found that 
the number of seeds was not reduced but that seed size was reduced. How­
ever, seed size was not reduced as much as might be expected from the meas­
ured reduction in photosynthesis. In control plants, grain dry matter 
increase during seed filling was only slightly greater than total dry mat­
ter increase; whereas, in the desiccated plants, grain dry weight increased 
approximately 2.7 times as much as did total dry matter. This indicates a 
more efficient translocation from reserves in the stalk. Claassen and Shaw 
(1970a) observed that stalk weight increased when grain yield was reduced 
due to stress near silking. These results indicate that the plant can 
adapt to stress by compensation, not only by producing larger seeds if 
fewer seeds are set, but also by exchange of reserves between stalk and 
grain. Boyer (1976) concluded that grain yield was a relatively constant 
fraction of the dry weight that had accumulated for the whole season. 
Thus, photosynthesis had a large effect on grain yield, but it was total 
season photosynthesis that was important rather than just photosynthesis 
during grain fill. 
In the comparisons that have been made, there is considerable vari­
ability in the magnitude of the effects observed. One problem is that a 
good comparison of the extent of stress in the various experiments is dif­
ficult, because the level of stress that actually occurs in the crucial 
plant parts is the result of a complex interaction of soil factors, plant 
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factors, and atmospheric demand (Denmead and Shaw, 1962). Despite this 
problem several principles can be seen to emerge. 
1. The timing of stress is of great importance. Corn is most sensi­
tive to moisture stress at and near silking. This brief period is so 
important in determining the number of seeds set, that is, the sink capac­
ity for grain fill. Stress after silking primarily has the effect of 
reducing seed size. 
2. The corn plant does have the ability to compensate for losses 
incurred from moisture stress during a short time period. This occurs both 
in its ability to increase seed size, if the seed number has been decreased, 
and in its ability to translocate more photosynthate from the stalk, if 
photosynthesis is decreased by stress during seed fill. 
Effect of Moisture Stress in Other Cereal Crops 
Patterns of response similar to those seen in com have also been 
observed in other cereal crops. These patterns seem to be quite typical of 
responses in determinate cereal crops. 
Van der Paauw (1949) found that both the duration and the timing of 
moisture stress were important factors in determining grain production in 
oats. He reported that drought shortly before and during emergence of the 
panicles had the most detrimental effect on grain yield and that drought 
late in the season had little effect on straw yield but did reduce grain 
yield. He also observed that the timing of drought affected the yield com­
ponents differently. A drought during panicle emergence resulted in a 
reduction of grains per panicle by production of barren ears. A late 
drought only influenced yield by reducing the weight of the grains. He 
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also reported yield compensation. When drought during panicle emergence 
reduced the number of grains per panicle, heavier grains were produced. 
Sandhu and Horton (1977b) showed that reduction in grain yield of oats was 
greater when stress occurred during anthesis than during heading. Stress 
during heading reduced the yield but decreased the straw to whole kernels 
ratio, whereas stress during anthesis increased the straw to whole kernels 
ratio over the controls. The decrease in straw to whole kernels ratio 
indicates a compensation or utilization of a greater portion of the avail­
able dry matter for kernel production. Plants that were stressed near 
heading, but well-watered thereafter, consistently showed a higher rate of 
photosynthesis than the controls (Sandhu and Horton, 1977a). 
Fischer (1973) worked with wheat in Australia to define its response 
by applying short periods of stress (1 to 4 days). He found that sink size 
(seed number) was primarily affected by stress from 15 to 5 days before ear 
emergence but to some extent up to 10 days after anthesis. On the other 
hand, weight per grain was determined by the source to sink ratio, and it 
was reduced primarily by post-ear-emergence moisture stress. He observed 
some compensation in grain size. %en stress reduced grains per ear to 79% 
of controls, the weight per grain was 105% of the controls. Similarly, 
Storrier (1965) found that the number of grains per ear responded to water 
applications in the period from flag leaf emergence to ear emergence, while 
weight per grain responded to late (post-anthesis) applications of water. 
Johnson and Moss (1976) concentrated their efforts on the grain fill­
ing period in wheat by applying moisture stress only after heading. They 
found that stress during this period significantly reduced total yield and 
kernel weight but did not reduce the number of seeds. They also applied 
to the canopy to study the pattern of translocation of photosynthate 
under stress conditions. Of the radioactivity present in the plants at 
maturity, 69% was in the grain of control plants, but 83% was in the grain 
of stressed plants. This is taken as evidence that when plants are under 
moisture stress, photosynthate will be preferentially translocated to the 
grain. This concurs with the findings of Gallagher et al. (1976) who 
report that there is more translocation of material from the stem to the 
grain when the plants are under stress after anthesis than when they are 
unstressed. Wardlaw (1967) also found that wheat plants subjected to 
moisture stress after anthesis showed a progressive reduction in the rate 
of photosynthesis after the onset of wilting. Grain growth, however, was 
not affected by several days of leaf wilting, and this was accompanied by a 
change in the distribution of assimilates from the lower parts of the plant 
to the grain. 
Work with barley also appears to support the general observation that 
the organ which is growing most rapidly at the time of stress is the one 
most affected by stress (Aspinall, 1965). In experiments where single 
periods of moisture stress were applied (Aspinall et al., 1964), stress 
during vegetative growth had little effect on the final yield but did seri­
ously reduce yield when applied at, or shortly after, anthesis. Seed size 
was reduced most severely by stress shortly after anthesis, often resulting 
in thin and shriveled grain (Aspinall, 1965). 
The usual response to stress is a reduction in the number of grains 
per branch in wheat and barley. However, in sorghum, Blum (1973) found an 
increase in the number of grains per panicle branch for stressed plants. 
This was apparently compensation for a reduction in the number of panicles 
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and panicle branches. The overall yield was reduced by stress in suscepti­
ble hybrids but not in resistant hybrids. Those hybrids classed as drought 
resistant generally showed less tillering (hence fewer panicles per unit 
area) and larger seeds than the hybrids classed as susceptible to drought. ' 
In general, the results that have been presented for various determi­
nate cereal crops display some ability of the plant to compensate for 
losses of source photosynthate due to imposition of moisture stress. This 
is done by filling, as well as possible, the available grain sinks from 
whatever sources are available. 
Effect of Moisture Stress on Nutrient 
Content in Grain 
The quality as well as the quantity of the grain produced is important 
in determining its value. Reference to nutrient quality of grain is usu­
ally taken as a reference to protein content. This, in turn, is normally 
linked to the measured level of nitrogen in the grain. Schlehuber and 
Tucker (1959) observed that generally the protein content tends to be high 
where wheat is grown in hot, dry climates and low in moist, cool climates. 
In wheat subjected to a 5-day drought, Konovalov (1959) found that the per­
cent N in the grain was considerably higher than in the controls. Working 
in central Mexico, Fernandez and Laird (1959) found high protein wheat to 
be associated with conditions under which soil moisture limits growth. 
They found that the protein content in the grain was higher for dryer con­
ditions at each of several levels of N fertilization and that with adequate 
water, addition of small amounts of N to the soil increased yield but 
decreased protein content of the grain. They attribute this to use of the 
limited N to enhance straw production. Only after sufficient N was added 
for adequate vegetative growth under a given set of moisture conditions did 
further addition of N fertilizer increase the protein content of the grain. 
Storrier (1965) found that the nitrogen content of wheat grain ranged from 
3.26% in the control to 2.78% in the maximum water treatment. Terman 
et al. (1969) found a negative relationship between grain yield and grain 
protein percent in wheat. They comment that if water and other factors are 
adequate, the effect of applied N is first to increase total yield. Only 
if N is absorbed in excess of vegetative needs does an increase in protein 
content of the grain occur. It then is apparent that moisture availability 
interacts strongly with N fertility in its effect on protein content of 
wheat grain. 
There is little in the literature about the influence of moisture 
stress on protein content in corn grain, although the response appears to 
be similar to that in wheat. Hanway (1963, 1971) shows that the corn plant 
has accumulated about 2/3 of its N by the beginning of the grain filling 
period. Thereafter, grain increases in N content and vegetative parts 
decrease in N content, apparently indicating that a large part of the N in 
the grain accumulates by translocation from the vegetative parts of the 
plant. Boyer and McPherson (1975) conclude that since com gains most of 
its nitrogen during vegetative growth and anthesis, a reduction in nitrogen 
content of the plant means a reduction in nitrogen that can eventually be 
made available to the grain. The effect of moisture stress on protein con­
tent of the grain then may be influenced by the plants' ability to take up 
nitrogen during vegetative growth as well as during seed filling. The per­
cent protein in the grain would be increased if the production or translo­
cation of carbohydrate was inhibited more than the production or 
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translocation of protein. In an experiment where com plants were held at 
low water potential for most of the grain filling period, Jurgens et al. 
(1978) found that the percentage of protein in the grain was increased, 
while seed weight was decreased from that of the controls. 
Foliar Application of Fertilizer 
Experiments with foliar fertilization of agronomic crops are not new 
(Wittwer, 1964), but until recently much of this work has involved single 
nutrient sprays applied primarily during stages of vegetative growth (Foy 
et al., 1953; Shubeck and Caldwell, 1949; Singh and Saroha, 1970). 
Effect on grain yield and yield components 
Finney et al. (1957) applied urea solutions to the foliage of wheat 
and found when plants were grown on a soil with low fertility a significant 
grain yield increase was obtained. This was especially true when applica­
tions occurred before flowering. When 15 spray applications were made 
throughout the fruiting period, the grain yield was significantly decreased. 
They attribute this decrease to leaf burn. Urea applied as a foliar spray 
to 3 to 4 feet tall corn (Foy et al., 1953) proved to be no more effective 
than proper soil application, and when leaf injury occurred, foliar appli­
cation was less effective. Shubeck and Caldwell (1949) found no signifi­
cant grain-yield response to urea applied as a foliar fertilizer on corn 
when it was 2 feet and 4 feet tall. Schumacher and Welch (1970) found no 
increase in yields with single applications of foliar nitrogen on soybeans 
and on corn growing in soils with a high-nitrogen fertility level. Yield 
increases were obtained from foliar application of phosphorus on corn 
grown in soils low in phosphorus. Singh and Saroha (1970) report a yield 
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increase in corn grain when foliar urea was applied three times before 
tasseling. Using reagent grade urea as the source of nitrogen, Benson 
(1971) applied combinations of nitrogen and phosphorus, as foliar sprays, 
to corn during the tassel-silk interval, or two weeks before or two weeks 
after this time. He did not find a positive yield response to applied 
nitrogen but observed a slightly positive response to phosphorus. Leaf 
injury occurred, especially with the application of urea. 
The background literature on the mechanisms of, and experiments with, 
foliar fertilizer have been more thoroughly reviewed by Benson (1971), 
Kargbo (1978) working with corn, and by Garcia (1976) working with soybeans. 
More recent efforts with foliar fertilization have been concentrated 
on applying a balanced nutrient solution containing N, P, K, and S, and 
sometimes micronutrients, in proportions similar to those found in the 
grain. These are applied during the grain filling period. The com plant 
accumulates about 65%, 50%, and 75% of its N, P, and K, respectively, by 
silking time (Hanway, 1962b). During grain fill, there continues to be a 
high demand for nutrients, and Hanway (1962b) notes that continued accumu­
lation of minerals by the plant is essential late in the season to prevent 
excessive loss via translocation of N and K from the leaves. Some loss of 
nutrients from the leaves does not appear to be detrimental to grain yield, 
so long as it does not result in the premature death of the leaves. He 
points out that it may, in fact, not be possible to maintain the rate of 
nutrient uptake at a level high enough to prevent this translocation from 
other plant parts. For this reason it is hypothesized that supplying 
nutrients to the plant during grain filling by foliar application may be a 
means of maintaining an adequate level of nutrition in the leaves. This 
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would keep them viable longer, thereby increasing the final yield. A 
nutrient spray, balanced in proportions as needed by the developing grain, 
should supply nutrients needed to prevent depletion of any one nutrient and 
delay senescence of the foliage. Similar patterns are shown for soybeans 
(Hanway, 1976) and point to their potential for yield increase from appli­
cation of foliar fertilizer. 
The mineral nutrition of corn plants in the field appears to influence 
grain yields mainly by affecting leaf area produced early in the season and 
by the length of time the leaves remain alive and functioning during grain 
growth (Hanway, 1962a). It is for these reasons that foliar fertilization 
during grain filling, on plants grown under adequate soil fertility condi­
tions, differs fundamentally from the application of single-nutrient-foliar 
sprays early in the growing season to crops grown on nutrient deficient 
soil. In the latter case, the response to foliar-applied nutrients is pri­
marily a response to amendments of nutrient deficiency during vegetative 
development. 
This concept of foliar fertilization of crops during the seed-filling 
period with balanced nutrient solutions was given strong encouragement by 
positive seed-yield responses in soybeans (Garcia and Hanway, 1976). They 
report yield increases in some cases of more than 20% resulting from appli­
cation of N, P, K, and S solutions during seed fill. When not all these 
four elements were present in the spray, the seed yields were increased 
very little or not at all. Since they were accompanied by a decrease in 
100 seed weight, the yield increases were the result of more harvestable 
seeds produced. The yield response differed between cultivars and was 
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greatest for Corsoy. The potential for seed yield increases using balanced 
N, P, K, S foliar fertilizers had been demonstrated. 
Since these experiments, other researchers have tried to obtain yield 
increases in soybeans using balanced nutrient sprays during the seed fill­
ing period but without the same success. Robertson et al. (1977) applied 
foliar fertilizer during seed fill to two varieties of determinate soybeans 
in Florida. They found no seed-yield response to foliar fertilizer in most 
of their experiments but found that yields decreased when their fertilizer 
solutions contained ammonium polyphosphate and potassium nitrate. This 
decrease was associated with leaf burn. On these same experiments, Boote 
et al. (1978) report measurements of photosynthesis and leaf nutrients. At 
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weekly intervals they measured photosynthesis by measuring CO^  uptake in 
a small leaf disc. Each measurement occurred six days after application of 
foliar fertilizer. The gross photosynthesis of upper sunlit leaves was 
slightly enhanced overall by foliar fertilizer but tested significant on 
only two days. Foliar fertilizer increased the percentage of N, P, and K 
in the leaves but did not increase seed yield. Actual seed yield was 5.7% 
lower in the foliar-fertilizer treatment than in the controls. They sug­
gest that the small increase in leaf photosynthesis may have been offset by 
loss of leaf area from leaf burn. 
Sesay (1978) found that foliar fertilizer on soybeans tended to either 
arrest or delay the decline of nutrient levels in the leaves, but the 
increase in nitrogen level was small. Yield results in two years of exper­
iments showed a small, but nonsignificant, increase in seed yield associ­
ated with an increase in pods per plant. Snyder (1978) obtained a small 
increase in seed yield for soybeans after applying foliar fertilizer during 
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the seed-filling period. This was associated with an increase in seed num­
ber and a small decrease in seed size. The three cultivars he used dif­
fered in their response and in their interaction of foliar fertilizer with 
moisture stress. Harcor soybeans showed a significant overall yield 
increase of 8.7%, and the increase occurred both in the irrigated and the 
nonirrigated treatments. Corsoy, on the other hand, showed no response to 
foliar fertilizer under irrigated or nonirrigated conditions. This is par­
ticularly interesting because it was with Corsoy that Garcia and Hanway 
(1976) obtained their greatest response. Ottilie soybeans showed a yield 
increase due to foliar fertilization under nonirrigated conditions and a 
yield decrease when irrigated. 
Other results reported for soybeans have been mixed. Some experiments 
show yield increases (Ham et al., 1977; Varsa, 1977; Goos and Carson, 1978), 
some show yield decreases (Varsa, 1977; Goos and Carson, 1978; Mays and 
Sample, 1978), and some show no response to foliar fertilizer during seed 
fill (Goos and Carson, 1978; Mays and Sample, 1978). 
Little work with balanced N, P, K, S foliar fertilizers applied to 
com during the grain filling period has been reported. In two years of 
experiments, Kargbo (1978) generally found no response in grain yield to 
foliar fertilizer applied to corn. His only significant positive response 
to foliar fertilizer occurred with a two-eared hybrid in an experiment com­
paring the response of eight different hybrids. Snyder (1978) found no 
response in corn grain yield when application of foliar fertilizer was 
begun four weeks after silking. When application was begun two weeks after 
silking, he obtained a small increase in grain yield. In another year, he 
found no effect of foliar fertilizer on com grain yield. 
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Effect on nutrients in the grain 
Foliar applied nutrients have been shown to increase the content of 
the nutrients in the grain. Single foliar applications of urea near 
flowering increased the protein content of wheat grain (Finney et al., 
1957), but if the urea was applied later in the season, the increase in 
protein was not as great. In one experiment a yield decrease was obtained 
from 15 sprayings of urea throughout the fruiting period, but these samples 
had the highest level of grain protein. Sadaphal and Das (1966) found that 
both yield and percent protein in wheat grain were increased as the result 
of foliar application of urea. 
Schumacher and Welch (1970) found the nitrogen percentage in com 
grain increased with increasing rates of foliar applied nitrogen. Singh 
and Saroha (1970) found that increasing the foliar applied nitrogen up to 
40 Kg/ha on corn increased yield without increasing the percentage of 
nitrogen in the grain. When the rate of N application was increased to 
60 Kg/ha, the nitrogen content of the grain increased. Kargbo (1978) gen­
erally found that the percentage of N and P in corn grain was increased by 
foliar nutrient application but that the K content of the grain was not 
increased. He found, however, that the N increase in the grain was greater 
when the sprays contained N and S, rather than when S was not present in 
the spray. 
In soybeans, Sesay (1978) found that the seed-protein content 
increased and the oil content decreased in response to foliar fertiliza­
tion; Ham et al. (1977) found that seed-oil content decreased with no 
change in protein content. 
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The problem of leaf burn 
A commonly observed problem with foliar fertilization is foliar 
injury, or leaf burn. Most of the results referenced in this review indi­
cate a problem with leaf burn. Chesnin and Shafer (1953) found com to be 
very sensitive to droplet size when urea was applied as a foliar spray. 
Leaf burn was more severe with large droplets than with smaller droplets. 
Foy et al. (1953) observed that when urea was applied to corn leaves before 
tasseling, yield was reduced when leaf injury occurred. Schumacher and 
Welch (1970) found that a concentration of more than 30 g/l of N, and 
21 g/l of N in corn and soybean sprays, respectively, caused severe foliar 
damage. Generally, urea has been faulted for foliar injury (Benson, 1971; 
Chesnin and Shafer, 1953; Foy et al., 1953; Kargbo, 1978; Shubeck and 
Caldwell, 1949). However, Wittwer (1964) claims there is less risk of 
scorching leaves when urea is used than when other nitrogen compounds are 
used in the foliar spray. Ham et al. (1977) found that N, P, K, S foliar 
fertilizers increased yield of soybeans when urea was used as the nitrogen 
source, but when another nitrogen compound was substituted as the nitrogen 
source, seed yield was reduced by 40% from severe leaf bum. Robertson 
et al. (1977) found that leaf burn was associated with soybean yield 
decreases when ammonium polyphosphate and potassium nitrate were used in 
their foliar fertilizer. Garcia and Hanway (1976) did not find leaf burn 
to be a serious problem, but they used reagent grade urea rather than fer­
tilizer grade urea in their sprays. It is clear then that leaf burn is a 
very real problem but that the cause and the extent of the effect are not 
well-understood. 
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Interaction Between Moisture Stress 
and Foliar Fertilizer 
When results obtained in different experiments with foliar fertilizer 
are compared, there remains the complicating factor that conditions of soil 
moisture and atmospheric demand differ between years and locations. Kargbo 
(1978) suggested that moisture stress conditions might explain some of the 
lack of response to foliar fertilization. Using urea and phosphate sprays 
on corn near anthesis, Benson (1971) did not find any moisture stress by 
foliar fertilizer interaction. Snyder (1978) found no foliar fertilizer by 
moisture stress interaction for grain yield of com, but with soybeans he 
found that the moisture stress by foliar fertilizer interaction differed 
between cultivars. 
When the upper region of soil, where plant nutrients are most concen­
trated, is dry, the nutrients in this region might become unavailable even 
though the plant may still be able to extract water from deeper, less fer­
tile regions of the soil profile. It is postulated (Benson, 1971) that 
under such conditions supplying nutrients through the leaves might keep the 
plant functioning at a more productive level. The effect of moisture 
stress on the mineral nutrition of the plant, however, is not well-
understood (Slatyer, 1969; Hsiao, 1973). Slatyer (1969) pointed out that 
while nutrient accumulation is frequently reduced by water stress, the 
demand for nutrients is also reduced because of suppressed growth. With 
certain nutrients, if they are already slightly deficient, it is probable 
that water stress would aggravate the deficiencies. On the other hand, it 
is not likely that inorganic nutrition would generally be a key factor in 
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plant function under stress, especially if the stress lasted only a few 
days (Hsiao, 1973). 
Whether grain yield response might be expected to show an interaction 
between foliar fertilizer application and moisture stress is not clear from 
the literature and provides a suitable subject for investigation. 
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METHODS AND MATERIALS 
The experiments in 1976 and in 1977 were conducted in the movable 
weather shelter plot at the Hinds Irrigation Farm located one mile north of 
Ames. 
The Movable Weather Shelter Facility 
The weather shelter plot is an area 6.5 by 14.5 meters containing 216 
potometers in which the plants are grown. These are arranged in 8 east-
west rows with 27 potometers in each row. The rows are spaced 81 cm 
between centers of the rows of potometers. Within a row, the potometers 
are immediately adjacent to each other, resulting in a spacing of 54 cm 
between centers. The plot is diagrammed in Figure 1 and shown in a photo­
graph in Figure 2. 
In preparing the plot, the whole area was excavated to a uniform 
depth so that the soil level in the potometers would be equal with the sur­
rounding soil surface. A layer of about 10 cm of washed sand was spread 
over the surface to facilitate drainage of excess moisture from the potom­
eters. The potometers (galvanized steel garbage cans) were then placed in 
their appropriate positions, and fill-soil was placed into the spaces 
between them (Figure 3). Plastic liners were inserted into the potometers 
to prevent toxic effects of the galvanizing zinc coating. Metal access 
tubes for measuring soil moisture with a neutron probe were inserted in the 
center of each potometer, and soil obtained from the top 15 cm of a 
Nicollet loam (an Aquic Hapludoll) was filled into each potometer. Each 
potometer has a 1.5 cm diameter hole at the bottom center to permit excess 
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Figure 1. Layout of the weather shelter plot. Rows A-H, each with 27 
potometers. Each potometer has a central access tube for a neu­
tron soil-moisture probe 
Figure 2. The weather shelter plot 
Figure 3. The weather shelter plot during construction, showing size of 
potometers, and drainage sand 
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water to drain into the sand below. The potometers are illustrated in 
Figure 4. The soil volume in each potometer is approximately 100 liters. 
The plot is situated next to a movable metal shed that is designed to 
cover the plot area in the event of rain. This provision, in conjunction 
with hand applied watering to the individual potometers, permits imposition 
of several different sets of soil moisture conditions simultaneously under 
the same conditions of atmospheric demand in a field environment. 
The shed is mounted on wheels that run on steel tracks which are per­
manently fixed onto a concrete footing. Movement is facilitated by an 
electric motor connected through appropriate reduction gears, a fluid coup­
ling to smooth out movement of the shed, and a cable driven winch. Rain­
fall on the sensor completes an electrical circuit that activates the drive 
mechanism, causing the shed to move over the plots. A terminal switch at 
the far end of the track stops the drive mechanism and triggers a mechanism 
which lowers the garage-type doors at each end of the shed. The plot then 
is enclosed on all four sides. After the sensor has dried, a 30-minute 
delay mechanism prevents immediate return of the shed. This is to prevent 
continual movement on and off the plots in the event of very light, inter­
mittent showers. After the 30-minute delay period, the drive mechanism is 
activated to retract the doors at both ends, then move the shed off the 
plots. The sensor can be activated by the frequent occurrence of dew. To 
prevent this, an electric light bulb is placed under the sensor and can be 
switched on to act as a heat source sufficient to prevent dew formation. 
The shed can also be activated by a manual switch, and the 30-minute delay 
for return off the plots can be bypassed by an override switch. 
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Figure 4. Diagram of a potometer with neutron probe access tube 
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Experimental Layout 
In 1976 and in 1977 com was grown in the weather shelter plot. Two 
plants were grown in each potometer, one on each side of the neutron-probe-
access tube, forming east-west rows. Under these conditions, the plant 
spacing corresponds to a population of 45,400 plant/hectare (18,400 plants/ 
acre). 
In 1976 the north and south rows were used as border rows, and the 
rest of the plot was divided into two separate experiments. Experiment 1 
utilized 84 potometers at the east end of the plot. An early local corn 
variety (Pioneer 3780) was planted in a split-plot statistical design with 
12 replications. Main plots consisted of seven moisture-stress treatments 
to which each potometer was randomly assigned. The two plants in each 
potometer were randomly assigned to two foliar-fertilizer treatments 
(foliar fertilizer applied or not applied). Because of problems with 
drainage in the potometers, or very poor pairing of plants, four shifts in 
assignments were made to neighboring potometers in order to maintain the 
symmetry of the design. Details of the design are given in Appendix A. 
In experiment two, which utilized 36 potometers at the west end of the 
plot, two corn varieties were used. Variety 1 (N28xMol7) was a single 
eared variety, and Variety 2 (Q51xQ52) was a two eared variety. Seed for 
this experiment was obtained from the corn breeding group in the Agronomy 
Department at Iowa State University. Experiment two utilized a split-
split-plot statistical design with six replications. Three moisture-stress 
treatments comprised the main plots, two corn varieties the first split, 
and two foliar-fertilizer treatments the second split. Details of the 
design are given in Appendix A. 
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The 1977 experiment was a single larger experiment utilizing 192 
potometers. From our experience in the previous year, we had learned that 
dividing spray treatments between the two plants in a single potoraeter 
resulted in a poor basis for comparison because of plant to plant vari­
ability between plants competing in the limited rooting volume of a potom-
eter. We were, however, able to maintain control over soil moisture status 
in different potometers of the same moisture-stress treatment, with suffi­
cient accuracy for the stress treatment comparisons in 1976. The need was 
for larger experimental units to give greater stability to the yield per 
experimental unit. As a result, two potometers (four plants) were combined 
into a single experimental unit for foliar fertilizer application in the 
1977 experiment. Two corn varieties were used. The early Pioneer 3780 was 
designated Variety 1, and a longer season variety (Pioneer 3360) was desig­
nated Variety 2. The treatments were randomly assigned in a split-split-
plot statistical design. Main plots were four moisture-stress treatments. 
Varieties were the first split, and foliar-fertilizer treatments (applied 
or not applied) were the second split-plot. Details of the design are 
given in Appendix A. Because of growth problems, five potometers were 
reassigned to border potometers of the same variety and stress treatments 
before foliar-fertilizer treatments were begun. 
Soil Preparation and Planting 
The soil in the weather shelter plot is taken from the upper 15 cm of 
a Nicollet loam. In both years the equivalent of 47 Kg/ha of potassium as 
KCl, 25 Kg/ha of phosphorus as triple super phosphate, and 180 Kg/ha of 
nitrogen as NH^ NO^  was incorporated into the soil before planting. 
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Because of concern, based on earlier experiences, over nitrogen loss from 
the potometers by leaching with drainage water, further amounts of nitrogen 
were added later in the season in both years to ensure a high soil fertil­
ity level. 
In 1976 four seeds were planted in each potometer on May 11 and 
thinned to two plants per potometer on June 3. In 1977 six seeds per 
potometer were planted April 26 and thinned to two plants per potometer 
May 24. Weeds were controlled by hand weeding. 
Method of Stress Imposition and Moisture Measurements 
Moisture stress was imposed by withholding water and permitting the 
soil to dry down by évapotranspiration. To terminate a stress period, the 
potometers were rewatered to field capacity. This method resulted in dry-
down or stress occurring in single periods, or cycles, where stress may be 
repeated after rewatering. Drydown periods during early grain fill took 
about 6 to 10 days, depending on atmospheric demand. When stress was not 
desired, the potometers were watered to field capacity as needed. In both 
years, stress was imposed after silking. 
In 1976 Experiment 1, seven moisture stress regimes were made up of 
combinations of one to three successive stress periods and hard or moderate 
stress each period. The difference between moderate and hard stress 
periods was achieved by waiting longer before rewatering to terminate a 
hard stress period than a moderate stress period. This resulted in more 
days of stress per stress period and a greater depletion of soil moisture 
in each stress period for the hard stress than the moderate stress condi­
tions. The treatments are as follows: 
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Moisture-Stress Treatment (MST) 1 = control (well-watered all season); 
MST 2=1 moderate stress period; MST 3=1 hard stress period; 
MST 4=2 moderate stress periods; MST 5=2 hard stress periods; 
MST 6=3 moderate stress periods; MST 7=3 hard stress periods. 
The patterns of stress are diagramed in Figure 5. 
Experiment 2 in 1976 involved three moisture-stress treatments. 
MST 1 = control (well-watered all season); MST 2 = moderately stressed ; 
MST 3 = highly stressed. The patterns of stress are diagramed in Figure 6. 
Patterns of successive stress periods were also followed in the 1977 
experiment. Moisture-Stress Treatment 1 (MST 1) was the control—well-
watered all season, MST 2 was subjected to one stress period, and MST 3 had 
two successive stress periods. It was intended that MST 4 should have 
three successive stress cycles, but because of low atmospheric demand dur­
ing August, appreciable moisture stress was not achieved during the last 
cycle. The potometers in MST 4 were simply permitted to dry down till 
harvest, but in fact MST 3 and MST 4 were no different in their effect on 
yield. The patterns of the stress treatments are illustrated in Figure 7, 
and stress dates are given in Appendix B. Variety 2 plants were bigger 
than Variety 1 plants; consequently they tended to use the available water 
more rapidly. Because of this. Variety 2 had to be rewatered sooner than 
Variety 1 to terminate the first drydown period. Atmospheric demand was 
particularly high during this period. 
In both seasons potometer soil moisture status was monitored at two- or 
three-day intervals during stress periods with a neutron probe (probe model 
1237 and scaler model 2601) obtained from Troxler Laboratories, Research 
Triange Park, North Carolina. Moisture counts were converted to percent 
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gravimetric (8^ ) moisture content of the basis of a previous calibration 
resulting in the following conversion factor: 
0^  = -5.84 + 35.48 x (cts/std) 
where cts = measured counts for a potometer and std = measured standard 
counts. 
Foliar Fertilizer Application 
Foliar fertilizer was applied for a timed interval with a pressurized 
sprayer maintained between 2.1 and 2.8 bars (30-40 psi). Spray dates are 
given in Appendix B and formulations in Appendix C. Foliar fertilizer was 
applied in the evening to avoid rapid evaporation of the carrier, permit­
ting more time for foliar absorbtion of the fertilizer. The second foliar 
fertilizer application in 1977 was made on a rainy evening under cover of 
the weather shelter. Because of the low evaporation rate under these con­
ditions, moisture was observed on the sprayed plants the following morning. 
To prevent spray from falling on the no-foliar-fertilizer treatments, a 
sheet of plastic was held around the plants receiving foliar fertilizer 
while they were being sprayed . 
Photosynthesis Studies 
Corn leaf photosynthesis rates were monitored with a carbon-14 carbon 
dioxide uptake technique developed for field use by Shimshi (1969) and by 
Incoll and Wright (1969). The method used in our experiments is described 
by Hatfield (1975) and by Naylor and Teare (1975). The leaf exposure cham­
ber was modified from that described by Hatfield by attaching it to the 
handles of a single hole punch for convenience in holding the chamber on 
14 the leaf. Leaf segments were exposed to CO^  in the plexiglass 
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flow-through chambers for 20 seconds, exposing both sides of the leaf to 
The exposed area was then sampled with a leaf punch (area = 
2 1.04 cm ), and the leaf disc was immediately dropped into 1 ml of NCS (a 
tissue solubilizer commercially available from Amersham Searle Corporation, 
Arlington Heights, Illinois) in a vial. After allowing at least 48 hours 
for tissue digestion, the solution in the vial was bleached with 1 ml of 
saturated benzoyl peroxide in toluene. Scintillation fluid (Spectrofluor, 
available from Amersham Searle Corp. and consisting of PPO and POPOP in 
toluene) was added to the vials. The vials were placed in a scintillation 
counter, permitted to cool, then counted for one minute. The sample 
counts, as well as counts for a series of quenched standards, were auto­
matically recorded on paper tape. 
The ^ C^02 gas was obtained in a cylinder from Mattheson gas products, 
Joliet, Illinois, and transferred to the lecture bottle on the portable 
apparatus as needed. After refilling the lecture bottle, several samples 
of the gas were drawn into 50 ml syringes for determination of the specific 
activity of the gas. Carbon dioxide uptake rate of the leaf sample was 
calculated by the equation that follows. 
PS = 5ZM 
SpA X Time x Area 
-2  -1  
where Ps = CO^  uptake rate in mg CO^  dm hr 
SpA = specific activity of the labeled gas, that is, the amount of 
radioactive material per unit quantity of material. 
In 1976 SpA = 0.475 yCi/pMole CO^  
In 1977 SpA = 0.503 uCi/pMole CO^  
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DPM = decays per minute. This is obtained by first finding count­
ing efficiency of a sample from a relationship obtained by 
regression of efficiencies on channels ratio of quenched 
standards. To obtain DPM, the Channel A counts is divided by 
efficiency for that sample. Efficiencies generally range 
between 0.50 to 0.75 for field samples. 
Time = exposure time = 20 sec. 
2 
Area = area of exposed leaf disc sampled = 1.04 cm . 
In 1977 the CO^  uptake measurements were directed toward detecting 
response to foliar fertilizer application and its interaction with moisture 
stress. For this reason, CO^  uptake measurements were taken before appli­
cation of foliar fertilizer, the day after application, and at intervals of 
a few days thereafter, as weather permitted. Samples were selected for 
matching leaf and light conditions between the foliar-fertilizer treatments. 
During the first eight sampling days, samples were taken over three repli­
cations including both varieties and all four moisture-stress treatments. 
During the next three sampling days, samples were taken over six replica­
tions and both varieties but from MST 1 only. On the last sample day, only 
Variety 2 had enough consistently green leaf material for proper sampling. 
Two subsamples were taken in each experimental unit on the last four samp-
pling days. Sampling was done at noon and in the early afternoon to uti­
lize maximum solar irradiance. Another experiment was conducted on Aug. 11 
to obtain a light response curve. Samples were taken in a field plot 
bordering the weather-shelter plot on corn leaves with good light exposure. 
Sampling was conducted under shading with increasing layers of cheesecloth. 
In 1976 foliar fertilizer responses were monitored several days in the 
weather-shelter plot but not following as consistent a sampling pattern as 
in 1977. Samples were also collected on two successive days on plants in a 
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bordering field plot after one side of the leaf had been swabbed with 
foliar fertilizer. On August 3, before foliar fertilizer had been applied, 
samples were taken in Experiment 1 over all moisture-stress treatments at 
five levels in the canopy to monitor photosynthesis over several moisture-
stress conditions and under a range of irradiances. On August 18 leaves in 
six border potometers, where soil-moisture conditions differed through a 
large range, were sampled at two-hour intervals over the day to observe 
diurnal patterns of CO^  uptake under various soil-moisture conditions. 
Leaf Diffusive Resistance 
In conjunction with CO^  uptake sampling, leaf stomatal-diffusive 
resistance (RL) was measured using a diffusion porometer. In 1976 an LI-60 
resistance porometer from Lambda Instruments Co., Lincoln, Nebraska, was 
used. In 1977 an LI-65 autoporometer from Lambda Instruments Co. was used. 
The porometer was calibrated before use. Leaf resistance measurements were 
taken on the same, or closely adjoining leaf material as the CO^  uptake 
sample, and under the same light conditions. Leaf conductance (Cond) was 
calculated by Cond = 1/RL. 
Light Measurements 
Along with CO^  uptake and leaf resistance measurements, solar irradi-
ance was monitored as photosynthetic photon flux density (PPFD) measured in 
-2 -1 -2 -1 
microEinsteins meter sec (pE m sec ). These measurements were 
obtained using a quantum sensor attached either to the leaf exposure cham­
ber or to the leaf resistance porometer. The quantum sensor and photometer 
were obtained from Lambda Instruments Co., Lincoln, Nebraska. 
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Harvest Procedure 
In both years the plots were hand harvested for grain. In 1976 Exper­
iment 1 was harvested September 30 and Experiment 2, October 14. Because 
of corn borer damage and possible bird damage, harvest in 1977 was spread 
over a longer period of time by harvesting,ears as appeared necessary to 
prevent losses. Harvest dates are given in Appendix B. After picking, the 
ears were individually shelled and labeled. The seeds were dried in an 
oven at 65 C, weighed, and yield adjusted to 15.5% moisture. The seeds for 
all ears were counted to obtain seed number and mean mass per seed calcu­
lated by 
Mass per Seed = Yield/Seed number. 
Data were then combined into means per plant by experimental unit. 
In 1976 there was a problem with birds removing filled grains, mostly 
from the tip H of the ear before harvest. To adjust for this loss at har­
vest, the number of missing kernels (not undeveloped kernels) was counted 
and noted for each ear. Several full corn ears were taken from a bordering 
field plot and divided into quarters. The seeds were weighed and counted 
for each quarter separately. The ratio of mass per seed in each quarter to 
the total mass per seed for that ear was calculated. This ratio was found 
to be quite consistent for several ears. A representative value for mass 
per seed in the tip of the ear was chosen as 0.83 times the mass per seed 
averaged over the whole ear. Hence, the mass of the missing seeds was 
estimated by multiplying the number of missing seeds by the mean mass per 
seed for that ear by 0.83. This value was added to the measured yield and 
given as the yield. Mean mass per seed was then recalculated by dividing 
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total number of seeds (actual plus estimated missing) into the adjusted 
value for yield. 
In 1977 little adjustment for missing kernels was needed. Grain yield 
data were not available for 9 of the 384 corn plants in the experiment. 
All experimental units where some yield data were missing had yield data 
from at least two of the four plants, hence the mean of available data was 
taken for those experimental units. 
Grain Nutrient Determination 
After seeds were dried, weighed, and counted, seed samples were taken 
from experimental units in the 1977 experiment and from Experiment 2 in 
1976. These samples were ground in a mill. They were then tested for 
N, P, K content at the soils research lab at Iowa State University. Per­
centages of total N, P, and K were determined as described by Dunphy 
(E. J. Dunphy, Department of Agronomy, Iowa State University, Analyzing 
plant samples for N, P, and K from a single HgSO^  digest, mimeographed 
paper, 1972). 
Meteorological Data at the Field Site 
Meteorological instruments were located at the Hinds farm in both sum­
mers so that local daily weather conditions could be recorded. Daily 
observations of maximum and minimum temperature, open pan evaporation 
(class A, Weather Bureau), wind, precipitation, and photosynthetically 
active radiation (PAR) are given in Appendix D. 
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RESULTS AND DISCUSSION 
1976 Experiment 1 
Effect of moisture stress on grain yield 
The analysis of variance (Table 1) shows that the effect of moisture 
stress on grain yield is highly significant. The seven moisture stress 
treatments can be grouped into moderate stress and hard stress, each with 
up to three successive periods of stress. Moisture-Stress Treatment (MST) 
1 is the control that was well-watered all season. MST 2, 4, and 6 com­
prise the moderate stress treatments with one, two, and three successive 
stress periods, respectively. MST 3, 5, and 7 are the hard stress treat­
ments with one, two, and three stress periods, respectively. These general 
stress patterns can be seen in Figure 5. The hard stress treatments 
resulted from more prolonged stress than was applied to the moderate treat­
ments. Figure 8 shows that all moisture stress treatments reduced yield 
below the yield of the control and that the hard stress treatments reduced 
yields more than did the moderate stress treatments. Table 1 breaks down 
treatment effects into orthogonal contrasts. Contrast 1 (CI) shows that 
the stress treatments significantly reduced yield below that in the control. 
Contrast 2 compares the effect of moderate and hard stress treatments and 
shows that the hard stress treatments significantly reduce yield below that 
of the moderate stress treatments. For both the moderate and the hard 
stress treatments (C3 and C5), the second stress period did not signifi­
cantly reduce yield below that effected by the first period. The final 
stress period, however, did reduce yield significantly below that of the 
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Table 1. Analysis of variance for grain yield, 1976 Experiment 1 
Source of variation df. Mean square 
Replication 11 377 
Moisture stress treatment (MST) 6 10,383** 
CI = Control vs. treatments 
(MST 1 vs. MST 2, 3, 4, 5, 6, 7) 1 35,478** 
C2 = Moderate vs. hard 
(MST 2, 4, 6 vs. MST 3, 5, 7) 1 15,760** 
C3 = MST 2 vs. MST 4 1 151 
C4 = MST 2, 4 vs. MST 6 1 5,700* 
C5 = MST 3 vs. MST 5 1 505 
C6 = MST 3, 5 vs. MST 7 1 4,687* 
Error a 66 1,118 
Foliar fertilizer (FF) 1 3 
FF X MST 6 638 
Error b 77 1,197 
Total 167 
**Significant at the 5% and 1% levels, respectively. 
first two stress periods in both the moderate and the hard stress situa­
tions (C4 and C6). 
Effect of moisture stress on yield components 
For seed number, the analysis of variance (Table 2) shows that mois­
ture stress treatments were highly significant. The results are displayed 
in Figure 9. It was the first stress period which reduced the number of 
seeds. Later stress periods had little effect on the number of seeds pro­
duced. This pattern holds for both the moderate and the hard stress 
sequences, but the hard stress reduces seed number more than the moderate 
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Table 2. Analysis of variance for seed number, 1976 Experiment 1 
Source of variation df. Mean square 
Replication 11 5,635 
Moisture stress treatment (MST) 6 45,986** 
CI = Control vs. treatments 
(MST 1 vs. MST 2, 3, 4, 5, 6, 7) 1 209,157** 
C2 = Moderate vs. hard 
(MST 2, 4, 6 vs. MST 3, 5, 7) 1 56,644** 
C3 = MST 2 vs. MST 4 1 1,452 
C4 = MST 2, 4 vs. MST 6 1 1,764 
C5 = MST 3 vs. MST 5 1 12 
C6 = MST 3, 5 vs. MST 7 1 7,396 
Error a 66 7,319 
Foliar fertilizer (FF) 1 3,705 
FF X MST 6 3,349 
Error b 77 8,935 
Total 167 
**Slgnlfleant at the 1% level. 
stress. Orthogonal contrasts (Table 2) confirm that the most significant 
effect of moisture stress on seed number is in the first stress period 
(CI). The difference between the effects of moderate and of hard stress 
are highly significant. Later stress periods had no significant influence 
on seed number. 
For seed size, the pattern is different. Table 3 gives the analysis 
of variance for seed size and shows that moisture stress treatment effects 
are highly significant. The results are displayed in Figure 9. Stress 
treatment orthogonal contrasts (Table 3) show that hard stress treatments 
resulted in seeds that were significantly smaller than for moderate stress 
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Table 3. Analysis of variance for seed size (mg/seed), 1976 Experiment 1 
Source of variation df. Mean square 
Replication 11 1,923 
Moisture stress treatment (MST) 6 4,443** 
CI = Control vs. treatment 
(MST 1 vs. MST 2, 3, 4, 5, 6, 7) 1 741 
C2 = Moderate vs. hard 
(MST 2, 4, 6 vs. MST 3, 5, 7) 1 8,464* 
C3 = MST 2 vs. MST 4 1 12 
C4 = MST 2, 4 vs. MST 6 1 11,236** 
C5 = MST 3 vs. MST 5 1 972 
C6 = MST 3, 5 vs. MST 7 1 5,476+ 
Error a 66 1,384 
Foliar fertilizer (FF) 1 1,584 
FF X MST 6 933 
Error b 77 1,101 
Total 167 
t, *, **Significant at the 10%, 5%, and 1% levels, respectively. 
treatments. Figure 9 shows that for MST 2 and 4, seeds were larger than in 
the controls. Means are given in Table 4. Moisture-Stress Treatment 2 
seeds were 2.7% larger than the controls. It was observed that the second 
stress period did not significantly reduce yield below that of the first 
period. This is reflected in seed size. Contrasts C3 and C5 show that 
there is no significant difference between the seed size of MST 2 and 4 and 
of MST 3 and 5. The last stress period reduces seed size. Table 3 shows 
that this reduction is significant at the 1% level for moderate stress 
periods and just fails to test significant at the 5% level for the hard 
stress periods. 
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Table 4. Means by moisture stress treatment for grain yield, seed number, 
and seed size, 1976 Experiment 1 
Moisture stress Yield Seed number Seed size 
treatment (grams/plant) (seed plant) (mg/seed) 
1 231 (100.0)* 587 (100.0) 396 (100.0) 
2 204 (88.3) 504 (85.9) 407 (102.8) 
3 188 (81.4) 474 (80.7) 393 (99.2) 
4 208 (90.0) 515 (87.7) 406 (102.5) 
5 181 (78.4) 473 (80.6) 384 (97.0) 
6 187 (81.0) 499 (85.0) 380 (96.0) 
7 167 (72.3) 452 (77.0) 370 (93.4) 
P^ercent of controls. 
The seed size increase observed in MST 2 and 4 represents a compensa­
tion for loss of potential seed sites. The number of seeds per plant was 
reduced by the first stress period, but growing conditions were good 
throughout the remainder of the growing season. Seed size compensation has 
been reported by others (Claassen and Shaw, 1970b; Downey, 1971; Wilson, 
1968a). The extent of compensation by increasing seed size is, however, 
not large enough to fully compensate for the substantial loss in seed num­
bers. 
The lack of significant yield and seed size reduction by the second 
stress period is particularly true for the moderate stress periods. Appar­
ently, serious stress was not achieved in the plants before rewatering to 
terminate the second, moderate stress period. Although the difference in 
yield and in seed size does not test significant, MST 5 shows a smaller 
yield than MST 3, indicating that the second stress period might have 
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adversely affected yield and seed size if it had been permitted to continue 
long enough. 
As was pointed out earlier, the first stress period reduces seed num­
ber without reducing seed size. Later periods of stress reduce seed size 
with little effect on seed number. This is related to the time at which 
stress occurs. The first stress period is completed within two weeks after 
silking. During this time, the number of viable seeds is being determined 
(Shaw and Loomis, 1950), therefore, stress during this time influences the 
seed number. The second and third stress periods occur at more than two 
weeks after silking during the grain filling period (Johnson and Tanner, 
1972), hence, influence seed dry weight. These responses were further 
investigated in the 1977 experiment and will be discussed more fully later. 
Effect of foliar fertilizer on grain yield and yield components 
The analyses of variance for grain yield (Table 1), for seed number 
(Table 2), and for seed size (Table 3) show no effect of foliar fertilizer. 
Mean yield is 195 grams per plant for both foliar fertilizer treatments. 
Kargbo (1978) showed no significant effect of foliar fertilizer on corn 
grain yield in most of his experiments. 
Several reasons are suggested as to why the foliar fertilizer treat­
ments show no response. Firstly, it may be that foliar fertilizer applied 
during the grain filling period is not an effective method to influence 
corn grain development. Positive effects of foliar fertilizer on corn 
grain yield, however, have been shown in a few cases (Kargbo, 1978; Snyder, 
1978). A second possibility is that foliar injury (leaf burn) which 
resulted from foliar fertilizer application canceled out any beneficial 
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effects of foliar fertilizer. A third possibility is that the foliar 
fertilizer was applied too late in the season to be effective. Foliar fer­
tilizer application commenced 28 days after 75% silk, and two further 
applications occurred 9 and 20 days after that (see Appendix B for dates). 
This puts foliar fertilizer application into the latter half of the grain 
filling period of a normal year (Hanway, 1971). In a nearby field plot, 
Snyder (1978) found that when foliar fertilizer application on com com­
menced 28 days after silking, no grain yield response was observed, but 
when application commenced two weeks after silking, a positive grain yield 
response was obtained. His results are complicated by the fact that his 
plots showed signs of nitrogen deficiency, and foliar fertilizer has been 
shown to be useful as an amendment for nitrogen deficient plants (Singh 
and Saroha, 1970; Foy et al., 1953). In the 1977 experiment, foliar fer­
tilizer application began at an earlier stage of physiological development. 
Lastly, if foliar fertilizer did affect grain yield, this effect may 
have been masked by variability between plants competing within a potometer. 
The foliar fertilizer treatments were randomly assigned to the two plants 
in a potometer. A great deal of natural variability occurred between the 
two plants in a potometer, and this may have been sufficient to mask a 
small foliar fertilizer effect. This possibility was considered in design­
ing larger experimental units encompassing two potometers (four plants) in 
the 1977 experiment. 
Interaction between foliar fertilizer and moisture stress 
The analyses of variance for yield (Table 1), seed number (Table 2), 
and seed size (Table 3) show that no significant interaction occurred 
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between foliar-fertilizer and moisture-stress treatments in these experi­
ments. This was further investigated in 1977. 
1976 Experiment 2 
Experiment 2 utilized 36 potometers, each with two corn plants. 
Variety 1 was a single-eared variety, and Variety 2, a two-eared variety. 
These varieties were discussed earlier. The experiment was rather limited 
in size and was characterized by variability, especially in the most 
stressed treatments. Three plants had exceptionally low yield (less than 
60 seeds and less than 20 grams per plant). All three of these were from 
Variety 2 and Moisture-Stress Treatment (MST) 3. Since only 12 plants con­
tributed to each variety and moisture-stress group and these three plants 
appeared to have been hurt with unusual severity, mean value data were sub­
stituted for these three plants. Graphs show actual means and adjusted 
means representing results where these data items were substituted. 
Despite the variability in this experiment, several trends were observed. 
Effect of moisture stress on grain yield and yield components 
The analyses of variance (Table 5) show that moisture-stress treatment 
effects are significant at the 1% level for yield and for seed number and 
just fail to test significant at the 1% level for seed size. Results are 
displayed in Figure 10. Stress treatments (MST 2, 3) decrease yield below 
that of the controls (MST 1), and MST 3 decreases yield more than MST 2. A 
comparison of the varieties shows that the adjusted grain yield is greater 
for Variety 2 than for Variety 1, but this does not test statistically sig­
nificant. 
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Table 5. Analyses of variance for grain yield, seed number, and seed size, 
1976 Experiment 2 
Mean square (adjusted data) 
Source of variation df. Yield Seed number Seed size 
Replication 5 2570 27239 1671 
Moisture stress treatment (MST) 2 42086** 462833** 6560* 
Error a 10 2581 27245 980 
Varieties (V) 1 2635 460480** 59513** 
V X MST 2 334 161458** 25963** 
Error b 15 1435 22777 1563 
Foliar fertilizer (FF) 1 2052 34585 401 
FF X MST 2 5840 76583+ 110 
FF X V 1 5315 86251+ 235 
FF X MST X V 2 396 2904 885 
Error c 30 2614 25797 1781 
Total 71 
t, *, **Significant at the 10%, 5%, and 1% levels, respectively. 
Although the varieties have similar total grain yield and their grain 
yield response to moisture stress is similar, they differ in the yield com­
ponent response to moisture stress. The analyses of variance (Table 5) 
show that moisture stress treatments, varieties, and the treatment by vari­
ety interaction are highly significant for both yield components. 
Figure 10 shows that in Variety 2 seed number was drastically reduced 
by MST 2 and further reduced by MST 3. In Variety 1, however, seed number 
was reduced in smaller, more uniform amounts by the two stress treatments. 
Variety 2 silked six days later than Variety 1, hence, stress might be 
expected to have a greater influence on seed number in Variety 2 than in 
Variety 1. 
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1976 Experiment 2 
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The results for seed size are given in Figure 10. The two varieties 
follow quite different response patterns. Variety 1 shows a pattern simi­
lar to that of seed number: quite uniform but no large decrements in seed 
size for MST 2 and 3. Variety 2 shows considerable compensation for the 
drastic loss in seed number by producing larger seeds in MST 2 and 3 than 
in the control. Similar seed size compensation was observed for moderate 
stress in Experiment 1 in 1976. In both varieties the more severe and pro­
longed stress encountered in MST 3 resulted in a further reduction in seed 
size below that of MST 2. The variety difference is most pronounced in the 
controls (MST 1). Variety 2 was able to produce many more seeds than 
Variety 1 but was not able to fill them to the same size. When stress 
reduced seed number, seed size was essentially equal to that in Variety 1. 
Com is considered to be primarily sink limited under adequate growing con­
ditions (Tollenaar, 1977). This does not appear to be true for the con­
trols in Variety 2, since they are not able to fill their seeds to the 
capacity for seed size shown under stress. Variety 2 was a two-eared vari­
ety, and the large number of seeds set in MST 1 was possible because two 
ears were available. This suggests that more attention should be given to 
two-eared varieties when seeking to improve maximum production in corn. 
Partitioning of yield components between ears of Variety 2 is shown in 
Figure 11. For the purposes of this comparison, data were used only from 
those plants where both ears were present and each ear had more than 50 
developed seeds. This limited the data set so that MST 1 and 2 means are 
each based on data from 10 plants, and MST 3 means are based on data from 
only two plants. The controls (MST 1) have the same seed size in both ears. 
Moisture-Stress Treatment 2 decreased the number of seeds by the same 
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between ears in Variety 2, 1976 Experiment 2 
55 
amount in both ears, and both ears show a resultant increase in seed size. 
This is consistent with the observation that in the controls dry matter 
accumulation in the grain had not reached the sink capacity. When the seed 
number was reduced, seed size compensation occurred in both ears. Because 
of the limited data for MST 3, results need to be interpreted cautiously, 
but seed size increase corresponding to a decrease in seed number is con­
sistent with the earlier observation. 
Effect of foliar fertilizer on grain yield and yield components 
The analyses of variance (Table 5) show that foliar fertilizer had no 
significant effect on yield or on yield components. Mean adjusted yield 
for the foliar fertilizer treatment was 183 grams per plant and 194 grams 
per plant for the no foliar fertilizer treatment. 
Interaction of moisture stress and foliar fertilizer 
The analyses of variance (Table 5) suggest a foliar fertilizer by 
moisture stress interaction on seed number (just fails to test significant 
at the 5% level). The foliar fertilizer by variety interaction tests sig­
nificant at the 10% level. Analyses of variance calculated separately by 
variety (Table 6) show no significant effect or interactions of foliar 
fertilizer for Variety 2, but for Variety 1 the foliar fertilizer by mois­
ture stress treatment interaction tests significant at the 5% level for 
seed number and at the 10% level for grain yield. The results for Variety 
1 are plotted in Figure 12. The interaction term is explained by the fact 
that under well-watered conditions (MST 1), both yield and seed number are 
less for the foliar fertilizer treatment, but under severe moisture stress, 
the plants that received foliar fertilizer outyielded those that did not. 
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Table 6. Analyses of variance for grain yield, seed number, and seed size 
separated by variety, 1976 Experiment 2 
Mean square 
Source of variation df. Yield Seed number Seed size 
Variety 1 
Replication 5 551 3647 2604 
Moisture stress treatment (MST) 2 17712** 40723* 15769** 
Error a 10 1404 5642 1559 
Foliar fertilizer (FF) 1 381 5801 11 
FF X MST 2 3802+ 25747* 436 
Error b 15 1148 5783 2361 
Total 35 
Variety 2 
Replication 5 3260 48230 849 
Moisture stress treatment (MST) 2 24708** 583568** 16753** 
Error a 10 2709 43450 873 
Foliar fertilizer (FF) 1 6986 115034 625 
FF X MST 2 2434 53740 558 
Error b il 4079 45811 1200 
Total 35 
t, * ,  ^^ Significant at the 10%, 5%, and 1% levels, respectively. 
If this trend is real, it suggests that under drought conditions applica­
tion of foliar fertilizer may help to minimize the damaging effects of the 
moisture stress. However, because of the great variability and the limited 
size of the experiment, it seems premature to draw that conclusion on the 
basis of this experiment. The problem needs to be investigated further. 
Effect of moisture stress on nutrients in the grain 
The analyses of variance for the percentages of nitrogen (N), phos­
phorus (P), and potassium (K) in the corn grain are given In Table 7. For 
percent N, moisture-stress treatments and varieties test significant at the 
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moisture stress. Variety 1, 1976 Experiment 2 
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Table 7. Analyses of variance for percent N, P, and K in the grain, 1976 
Experiment 2 
Mean square 
Source of variation df. %N(xl04) %P(xl06) %K(xl06) 
Replication 5 430 1682 6425 
Moisture stress treatment (MST) 2 11675** 1335 9985 
Error a 10 1412 2168 4971 
Varieties (V) 1 7813** 37356** 31668** 
V X MST 2 1504* 1135 10443* 
Error b 15 264 1982 2815 
Foliar fertilizer (FF) 1 133 672 13068 
FF X MST 2 269 5176 4176 
FF X V 1 1682 672 1013 
Ff X MST X V 2 105 2510 6329 
Error c 30 649 2196 3079 
Total 71 
*, **Significant at the 5% and 1% levels, respectively. 
1% level, and the variety by treatment interaction just falls to test sig­
nificant at the 1% level. The results are displayed in Figure 13. The 
percent nitrogen in the grain Increases when plants are subjected to mois­
ture stress. This increase in percent N under moisture stress occurs in 
both varieties and is consistent with results obtained with wheat 
(Storrier, 1965; Terman et al., 1969) and corn (Jurgens et al., 1978). 
Variety 1 showed a higher percentage of nitrogen in the grain than did 
Variety 2. This difference between the varieties is largest in the con­
trols (MST 1), and this difference between varieties in their response to 
moisture-stress treatments is the source of the variety by moisture-stress 
treatment interaction term. No explanation Is given for the comparatively 
low level of N present in Variety 2, MST 1, except to observe that these 
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same plants had the largest number of seeds and the smallest seed dry 
weight. Pierre et al. (1977) showed that in Iowa nitrogen percentages in 
corn grain of 1.54% usually indicate that adequate nitrogen was present for 
maximum production. According to this criterion. Variety 2, MST 1 plants 
may have been nitrogen deficient, since they had, on the average, only 
1.18% nitrogen. Nitrogen deficiency may have been a limiting factor in 
yield production. 
The analysis of variance (Table 7) shows that only varieties test sig­
nificantly different for percent phosphorus in the grain. The results are 
displayed in Figure 14. Variety 1 had a higher concentration of phosphorus 
in the grain than did Variety 2, and this was true under all three moisture 
stress conditions. 
The percentages of potassium in the grain are shown in Figure 14, and 
the analysis of variance is given in Table 7. The analysis of variance 
shows that varieties are significantly different at the 1% level and that 
the variety by moisture-stress treatment Interaction is significant at the 
5% level. Variety 1 has a lower percentage of potassium in the grain than 
Variety 2, and this percentage shows little variation between moisture-
stress treatments. Variety 2 has a higher percentage of potassium, but 
this value shows a decrease under moisture stress. This difference is the 
source of the interaction term. No explanation of this interaction is 
given, and because of the great variability in the results, it might be 
questioned whether the trend is real or if the apparent trend is due to 
random variations. The %K values fall within the range of values observed 
for corn (Miller, 1958), hence do not suggest a deficiency problem. 
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Effect of foliar fertilizer on nutrients In the grain 
The analyses of variance (Table 7) show no significant effect of 
foliar fertilizer on percent nitrogen and phosphorus, but a foliar fertil­
izer effect significant at the 5% level for percent potassium in the grain. 
Since foliar fertilizer did not significantly affect yield, it is not sur­
prising that N and P were not affected. It seems that the foliar fertil­
izer simply was ineffective. Why the percent potassium tests significant 
is not known. In plants receiving foliar fertilizer, the mean level of K 
was 0.326%, while in plants not receiving foliar fertilizer, the mean level 
of K was 0.352%. The results show a great deal of variability, and it may 
be that the apparent effect is due to random variations. The effect of 
foliar fertilizer on nutrients in the grain was investigated further in the 
1977 experiment. 
The 1977 Experiment 
The 1977 experiment was designed to test the effect of moisture stress 
occurring after silking and of foliar fertilizer applied during the grain-
filling period, and to establish if there is an interaction between these 
two factors. A major difficulty encountered in 1976 was variability 
between the two plants competing within the restricted rooting zone of a 
potometer (100 1). In 1976 foliar-fertilizer treatments had been randomly 
assigned to the two plants within a single potometer. Foliar-fertilizer 
treatment effects, if any, appeared to be masked by this variability 
resulting from competition between the two plants. To overcome this prob­
lem, the 1977 experiment was designed with larger experimental units for 
foliar-fertilizer treatments to give greater stability to the mean yield 
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per experimental unit. Two adjacent potometers (four plants) were combined 
into a single experimental unit, resulting in 96 experimental units in a 
design discussed earlier. 
The complete analyses of variance for total grain yield, for number of 
seeds per plant, and for seed size (milligrams per seed) are given in 
Table 8. These analyses show that for grain yield, moisture-stress treat­
ments, varieties, and foliar-fertilizer treatments test significant at the 
1% level. The variety by moisture-stress treatment interaction tests sig­
nificant at the 5% level. For number of seeds per plant, only moisture-
stress treatments and varieties test significant at the 1% level. For seed 
size, moisture-stress treatments and foliar-fertilizer treatments are 
significant at the 1% level. Varieties are significant at the 5% level. 
These various factors will now be examined more closely. 
Table 8. Analyses of variance for grain yield and yield components 
Mean square 
Source of variation df Yield Seed number Seed size 
Replication 
Moisture stress treatment (MST) 
Error a 
Variety (V) 
V X MST 
Error b 
Foliar fertilizer (FF) 
FF X MST 
FF X V 
FF X MST X V 
Error c 
5 
3 
15 
1 
3 
20 
1 
3 
1 
3 
40 
351 
22841** 
474 
39966** 
952* 
254 
2917** 
17 
5 
170 
228 
1274 
79743** 
1612 
237216** 
1078 
20242** 
1985 
7686* 
1433 
1531 
2344 
1977 
925 
2053 
3625 
2789 
1988 
6750** 
816 
1935t 
96 
627 
Total 95 
t, *, **Significant at the 10%, 5%, and 1% levels, respectively. 
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Effect of moisture stress on grain yield 
In 1977 atmospheric demand was high during the first moisture-stress 
period (Figure 15). This resulted in a rapid depletion of soil-moisture 
reserves and the appearance of severe stress in the plants after only a few 
days of stress. During the second stress period, atmospheric demand was 
more moderate, and soil-moisture depletion did not occur as rapidly as in 
the first period (Figure 15). In what was to be the third stress period, 
demand was very low because of many cloudy and rainy days. The crop had 
been planted early and had progressed through its vegetative development 
early. Senescence also came early. This, combined with the low atmo­
spheric demand for moisture, resulted in no measurable yield-reducing 
stress during the third period. 
Figure 16 shows that plants subjected to moisture stress only during 
the first stress period (MST 2) show a yield decrease of 15% below the con­
trols (MST 1). Moisture-Stress Treatment 3 plants, which were stressed 
during both the first and the second stress period, show a further decre­
ment of yield representing a 31% decrease from the controls. The first two 
periods of stress both resulted in a yield reduction of similar magnitude. 
This pattern is consistent with the work of Shaw (1974) who presents 
moisture-stress-weighting factors for corn in Iowa. The greatest weighting 
factor (2.0) is given to a period extending from five days before to five 
days after silking. The next 25-day period is assigned a single, lesser 
weighting factor (1.3). The first stress period commenced more than five 
days after 75% silk (Figure 15), so that the first two stress periods occur 
during the period assigned a constant weighting factor by Shaw. 
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As stated earlier, no real moisture stress occurred during the third 
period. A breakdown of the sums of squares for treatments into orthogonal 
contrasts (Table 9) shows that MST 3 and MST 4 yields are no different. 
The significant moisture-stress treatments effect occurred during the first 
two stress periods. 
Table 9. Analysis of variance for grain yield, main plots with orthogonal 
contrasts 
Source of variation df. Mean square 
Replication 5 352 
Moisture stress treatment (MST) 3 22,841** 
CI = MST 3 vs. MST 4 1 16 
C2 = MST 2 vs. MST 3, 4 1 17,983** 
C3 = MST 1 vs. MST 2, 3, 4 1 50,467** 
Error a 15 474 
^^ Significant at the 1% level. 
In Figure 17 yield results are displayed, separated by variety. Vari­
ety 2 yields are considerably greater than Variety 1 yields under all the 
moisture conditions. This accounts for the highly significant variety 
effect that is indicated in the analyses of variance (Table 8). Variety 2 
was a longer season variety than Variety 1. The crop was seeded early, 
and, with irrigation, conditions for growth early in the season were excel­
lent. These conditions gave the longer season variety a distinct advantage. 
The Variety 2 plants were larger than Variety 1 plants and were able to use 
their advantage to produce a greater grain yield. 
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Figure 17. Grain yield response to moisture stress, separated by variety 
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The pattern of yield decrement resulting from moisture-stress periods 
is similar for both varieties. The analysis of variance (Table 8), how­
ever, shows a significant moisture-stress treatment by variety interaction. 
The interaction results from a difference in slope, since the patterns of 
yield response are alike. This is principally an effect of scale. Vari­
ety 2 has greater yield, hence each decrement is greater in magnitude 
(Table 10). The percentages of decrement, however, are similar for both 
varieties. In Variety 1, MST 2 and 3 had yield values 14% and 28% lower, 
respectively, than did MST 1. In Variety 2, MST 2 and 3 had yield values 
15% and 33% lower, respectively, than the control. 
Table 10. Grain yield means by moisture-stress treatment (MST) 
Yield means (grams/plant) 
MST Combined Variety 1 Variety 2 
1 206 (100.0)3 178 (100.0) 234 (100.0) 
2 175 (85.0) 152 (85.4) 198 (84.6) 
3 142 (68.9) 128 (71.9) 156 (66.7) 
4 141 (68.4) 125 (70.2) 157 (67.1) 
P^ercent of controls. 
Effect of moisture stress on yield components 
Total grain yield decrement was similar for the first and the second 
stress periods. A very different pattern occurs with the components of 
yield. To study effects on yield components, yield (grams/plant) is 
divided into seed number and seed size (milligrams) so that 
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yield = seed number x seed size. 
The effects of moisture stress on yield components are shown in Figure 18. 
This figure shows that the primary effect of the first moisture-stress 
period is to reduce seed number with little effect on seed size, while the 
primary effect of the second moisture-stress period is to reduce seed size 
with little effect on seed number. Table 11 gives a breakdown of the 
moisture-stress treatment effect for seed number into orthogonal contrasts. 
According to this, MST 3 and MST 4 are no different. Moisture-Stress 
Treatment 2 has more seeds than the mean of MST 3 and 4. The most signifi­
cant effect, however, is between MST 1 and the other three treatments. 
Means are given in Table 12. This pattern shows that the first stress 
period causes the major reduction in seed number. This period occurs 
shortly after silking, while the fertilized ovules are becoming established, 
and stress during this critical period influences the number of seeds that 
remain viable for filling. Later stress (MST 3, 4) occurs well after the 
number of viable seeds is determined and no longer has a great influence on 
the number of seeds produced. 
The set of orthogonal contrasts for seed size is given in Table 13. 
This shows that the moisture-stress treatment effect lies in the difference 
between the first two and the last two treatments. MST 1 is not signifi­
cantly different from MST 2, and MST 3 is not significantly different from 
MST 4. This is consistent with the pattern that the first stress period 
decreases seed number but not seed size. In fact, means (Table 12) show 
that MST 2 has slightly larger seeds than the control. 
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Figure 18. Yield component response to moisture stress, varieties combined 
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Table 11. Analysis of variance for seed number, main plots with orthogonal 
contrasts 
Source of variation df. Mean square 
Replication 5 1,274 
Moisture stress treatment (MST) 3 79,743** 
CI = MST 1 vs. MST 2, 3, 4 1 225,120** 
C2 = MST 2 vs. MST 3, 4 1 10,816* 
C3 = MST 3 vs. MST 4 1 3,888 
Error a 15 1,612 
*, **Significant at the 5% and 1% levels, respectively. 
Table 12. Yield component means by moisture-stress treatment (MST) 
MST Varieties combined Variety 1 Variety 2 
Seed number (seeds/plant) 
I 633 (100.0) 569 (100.0) 697 (100.0) 
2 538 (85.0) 497 (87.3) 580 (83.2) 
3 504 (79.6) 459 (80.7) 548 (78.6) 
4 522 (82.5) 472 (83.0) 571 (81.9) 
Seed size (milligrams) 
1 327 (100.0)^  315 (100.0) 339 (100.0) 
2 328 (100.3) 309 (98.1) 346 (102.1) 
3 285 (87.2) 284 (90.2) 286 (84.4) 
4 271 (82.9) 267 (84.8) 275 (81.1) 
P^ercent of controls. 
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Table 13. Analysis of variance for seed size, main plots with orthogonal 
contrasts 
Source of variation df. Mean square 
Replication 5 1,078 
Moisture stress treatment (MST) 3 20,242** 
CI = MST 1 vs. MST 2 1 3 
C2 = MST 3 vs. MST 4 1 2,352 
C3 = MST 1, 2 vs. MST 3,4 1 58,213** 
Error a 15 1985 
^^ Significant at the 1% level. 
Table 8 shows that varieties are significant at the 1% level for seed 
number and at the 5% level for seed size. Figure 19 displays results for 
yield components separated by variety. 
The dominent variety effect with seed number is that Variety 2 had 20% 
more seeds than Variety 1. The pattern of response to moisture stress is 
similar for both varieties. Variety 2 had larger seeds than Variety 1 but 
only 6% greater, on the average. The yield advantage for Variety 2 
resulted primarily from producing more seeds than Variety 1. The two vari­
eties responded differently in that for MST 1 and 2, Variety 2 had a 
greater advantage over Variety 1 in seed size than it did in MST 3 and 4. 
When the varieties were combined (Figure 18), seed size was nearly the 
same for MST 1 and 2. However, when the varieties are separated (Figure 
19), their seed size responses differ in MST 2. Variety 2 shows a seed 
size increase of 2% over the controls, while Variety 1 shows a 2% decrease. 
This difference may be related to the timing of the first stress period in 
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relation to silking date. The time relationship between silking date and 
stress periods is shown for both varieties in Figure 15. For Variety 1 the 
first stress period occurred about 12-18 days after silking, but Variety 2 
silked later; consequently, the first stress period occurred only about 
5-9 days after silking. When stress occurs within about two weeks after 
silking, its primary effect is to reduce the number of viable seeds. If 
the plant has been stressed during this time and potential seed numbers 
have been reduced, but growth conditions are favorable thereafter, there 
can be some compensation for loss of potential sinks (seed numbers) by pro­
ducing larger seeds. If stress occurs after this two-week period, its 
effect is to reduce the mass of the seeds. In Variety 2 stress during the 
first period was completed in less than two weeks after silking; as a 
result, the effect of the first moisture-stress period was to reduce the 
number of seeds set. MST 2 plants were well-watered the remainder of the 
season, hence the plants compensated by producing larger seeds. Only MST 3 
and 4 plants which were stressed again showed a reduction in seed size. 
For Variety 1, where the first stress period occurred about 12-18 days 
after silking, the primary effect of the stress was to reduce the number of 
viable seeds, but since the stress period extended into the beginning of 
the grain-filling period, the result was a small decrease in seed size 
rather than a compensation, as in Variety 2. Similar patterns of seed size 
compensation were observed in data of the 1976 experiments and were dis­
cussed earlier. Seed size compensation responses were reported by others 
(Claassen and Shaw, 1970b; Downey, 1971; Wilson, 1968a). The percentage of 
increase in seed size is small and cannot completely compensate for the 
loss of potential seeds. 
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Shaw and Loomls (1950) show that in the first two weeks after silking, 
the cob attains essentially its full size, but very little dry matter 
accumulates during this time. They point out that in addition to failure 
in fertilization, young ovules may abort within a week or two after fertil­
ization. After this period, dry matter accumulates at a relatively con­
stant rate (Duncan et al., 1965). Similar observations are stated by 
Hanway (1963, 1971). Johnson and Tanner (1972) attempted to define the 
beginning of grain fill in corn by harvesting the grain at several stages 
after silking. They found that grain fill began after a lag period of 
about 15 days (15-18 days for the varieties they used) after silking, 
then proceeds at a relatively constant rate under favorable growing condi­
tions. The time periods described in these experiments match closely the 
observation in the 1977 experiment, that the critical transition between 
moisture stress adversely affecting seed number or seed size occurs about 
two weeks after silking. Jurgens et al. (1978) report that in treatments 
where water was withheld beginning 10 days after silking, no decrease in 
seed number, only in seed size, was observed. Estimating from their water 
potential curves, the plants began stressing about 15 or 16 days after 
silking. These results are also consistent with the previous observations. 
During the lag period for grain fill, the cob gains its full size and sets 
its potential seeds. Stress during this period has an adverse effect pri­
marily on the number of seeds that are able to develop. 
Further indications of possible compensation occur in a comparison of 
MST 3 and 4. Figure 17 shows that in both varieties MST 3 and 4 grain 
yields are nearly identical. Figure 19, however, shows that MST 3 has 
fewer but larger seeds than MST 4. This may indicate that for plants where 
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seed number was reduced more, compensation occurred by producing bigger 
seeds, up to the production potential of the stressed plant. This sugges­
tion is given some encouragement in Variety 1 by a plot of seed size as a 
function of seed number for MST 3 and 4 only (Figure 20). Such a plot shows 
a negative relationship, indicating that plants with fewer seeds had larger 
2 
seeds. The regression was highly significant, but r was only 0.209 when 
the data set for all Variety 1 plants were used. Variety 2 did not show a 
relationship. 
Effect of foliar fertilizer on grain yield and yield components 
The analysis of variance (Table 8) shows that foliar fertilizer 
effects are highly significant for grain yield. The results are displayed 
in Figure 21, and means are given in Table 14. Applying foliar fertilizer 
decreased grain yield, and this decrease occurred in all moisture-stress 
treatments. Grain yield in foliar-fertilizer treatments averaged 6.4% less 
than in the controls. A breakdown of yield results by variety (Figure 22 
and Table 15) shows that this same pattern of decrease due to foliar fer­
tilizer application occurred in both varieties. 
The purpose of applying foliar fertilizer is to increase yield. The 
obvious question then is why did yield decrease? Reasons for the yield 
decrease are not known, and further research into the mechanisms of foliar 
fertilizer absorption and utilization is needed. Several possible reasons 
for the yield decrease may be suggested. Application of foliar fertilizer 
resulted in foliar injury (leaf burn) that might have an adverse effect on 
total photosynthesis, consequently on plant growth and grain filling. 
Visible leaf injury, however, occurred primarily along the outer edges of 
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Table 14. Grain yield means for foliar-fertilizer treatments (FF) 
Yield (grams/plant) % yield decrease 
MST No FF FF due to FF application 
1 212 200 5.7 
2 181 169 6.6 
3 147 137 6.8 
4 145 136 6.2 
All MST 171 160 6.4 
Table 15. Grain yield 
variety 
means for foliar-fertilizer treatments (FF), by 
MST 
Variety 1 yield (g/plants) 
No FF FF 
Variety 2 yield (g/plant) 
No FF FF 
1 187 168 (10.2)* 236 231 (2.1) 
2 156 147 (5.8) 206 190 (7.8) 
3 133 122 (8.3) 161 151 (6.2) 
4 127 123 (3.1) 164 150 (8.5) 
All MST 151 140 (7.3) 192 181 (5.7) 
yield decrease due to FF application. 
the leaf, and although no quantitative estimates of the extent of injury 
were made, the injury did not appear to be sufficient to explain the 
observed decline in yield. Yield increases were obtained from foliar fer­
tilizer applied to soybeans when reagent grade urea was used as a source of 
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separated by variety 
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nitrogen (Garcia, 1976). In our experiments, fertilizer grade urea was 
used. Possible breakdown products of urea (blurette and cyanate) have been 
Implicated as possible causes of Injury (J. J. Hanway, 1978, personal com­
munications, Agronomy Department, Iowa State University, Ames, Iowa). In 
these experiments photosynthesis measurements showed that photosynthesis 
rate and leaf diffusive conductance were depressed on the day following 
foliar fertilizer application. These results will be discussed later. 
Whatever the mechanism, it appears that in these experiments foliar fer­
tilizer proved to be a stress factor that resulted In an adverse effect on 
yield. 
A breakdown of yield into components is shown in Figure 23. Means are 
given in Table 16. The figure shows that seed size was reduced for all 
moisture-stress treatments when foliar fertilizer was applied but that seed 
numbers do not show that pattern. The analyses of variance (Table 8) show 
that foliar fertilizer is not significant in its effect on seed number but 
that seed size reduction is significant at the 1% level. Since foliar fer­
tilizer was applied during the seed-filling period, it is reasonable that 
the deleterious effect of foliar fertilizer should adversely affect seed 
size, since that is the component being established at the time of applica­
tion. 
The analysis of variance indicates that for seed size the variety by 
moisture-stress treatment Interaction is significant at the 10% level. 
When the analysis of variance is calculated separately for varieties (Table 
17), seed size tests significant for Variety 1 but not Variety 2. This 
Indicates that, in fact, the varieties do respond differently with respect 
to seed size reduction. Yield components are plotted separately for 
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stress, varieties combined 
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Table 16. Yield component means for foliar-fertilizer treatments (FF), 
varieties combined 
Seed number Seed size (mg) 
MST No FF FF No FF FF 
1 628 638 339 314 
2 550 527 332 323 
3 499 509 299 271 
4 532 511 273 269 
All MST 552 546 311 294 
Table 17. Analyses of variance for grain yield and yield components, by 
variety 
Mean square 
Source of variation df. Yield Seed no. Seed size 
Variety 1 
Replication 5 254 383 1723 
Moisture stress treatment (MST) 3 7299** 28935** 6114* 
Error a 15 344 1324 1621 
Foliar fertilizer (FF) 1 1342** 444 7957** 
FF X MST 3 121 241 284 
Error b 20 115 596 721 
Total 47 
Variety 2 
Replication 5 445 2260 152 
Moisture stress treatment (MST) 3 16494** 53153** 15561** 
Error a 15 352 2468 2140 
Foliar fertilizer (FF) 1 1580* 4106 729 
FF X MST 3 66 4601 628 
Error b 341 3380 532 
Total 47 
*, **Significant at the 5% and 1% levels, respectively. 
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Variety 1 in Figure 24 and for Variety 2 in Figure 25, and means are given 
in Table 18. An examination of these figures reveals that for Variety 1, 
seed size clearly shows a reduction due to foliar fertilizer application, 
while seed number does not. In Variety 2, however, the pattern is not so 
clear. Seed size for the foliar-fertilizer treatments is less than for 
controls but not by much and not as consistently as in Variety 1. Seed 
number also shows a reduction in some cases but, again, not consistently. 
The overall effect, however, is a significant reduction in grain yield. 
The net effect of foliar fertilizer is to reduce yield. In some cases this 
reduction occurs by reducing the number of seeds and, in others, by reduc­
ing seed size. During the first two weeks after silking, the cob attains 
its full size, and the number of viable seeds is detemined. Dry matter 
accumulation in the seeds occurs primarily following the first two weeks 
after silking (Hanway, 1963, 1971; Johnson and Tanner, 1972; Shaw and 
Loomis, 1950). This was discussed earlier in relation to the effect of 
moisture stress. The transition period between seed number determination 
and the seed-filling period occurs at about two weeks after silking. 
Variety 1 plants were given their first foliar-fertilizer application 20 
days past silking, well into the grain-filling period. The inhibiting 
effect of foliar fertilizer clearly affects seed filling, resulting in a 
decrease in seed size. Variety 2 plants received their first foliar fer­
tilizer application 14 days after silking. This coincides with the transi­
tion period between seed set and grain fill. Consequently, the inhibiting 
effect of foliar fertilizer influences seed size in some cases and seed 
number in others. The overall effect is a reduction in grain yield in each 
case. Foliar fertilizer apparently produces a stress on the plants, and 
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Table 18. Yield component means for foliar-fertilizer treatments (FF), by 
variety 
Seed number Seed size (mg) 
MST No FF FF No FF FF 
Variety 1 
1 568 570 333 297 
2 498 495 319 300 
3 455 463 299 268 
4 463 481 275 258 
All MST 496 502 306 281 
Variety 2 
1 688 705 346 332 
2 601 559 346 346 
3 542 554 298 274 
4 602 540 272 279 
All MST 608 590 315 308 
the deleterious effects of this stress find primary expression in the yield 
component being determined at the time that stress is imposed. 
Interaction between foliar fertilizer and moisture stress 
It is apparent, both from the analyses of variance (Table 8) and the 
figures, that no interaction between foliar fertilizer and moisture stress 
was observed in this experiment. It has been postulated that an interac­
tion might be expected (Benson, 1971). When the upper region of soil, 
where plant nutrients are most concentrated, is dry, the nutrients in this 
region might become unavailable, even though the plant is able to extract 
water from deeper, less fertile regions of the soil profile. Under such 
conditions, supplying nutrients through the leaves might keep the plant 
functioning at a more productive level. Benson (1971) did not find evi­
dence for an interaction of moisture stress with foliar application of urea 
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and phosphates. Kargbo (1978) suggested that moisture stress conditions 
might explain some of the lack of response to foliar fertilizer in his 
experiments. The evidence in this experiment does not point to an inter­
action. 
By silking time, root growth is essentially complete in com (Hanway, 
1971). It is likely that in the restricted soil volume available in these 
potometers (100 1), the roots have fully explored the available soil before 
foliar fertilizer application begins. It may then be assumed that water 
will be extracted quite uniformly throughout the soil volume in the potom­
eters. The results of this experiment, therefore, do not necessarily pre­
clude the possibility of an interaction under field conditions where soil 
moisture is low in the upper regions of the soil profile but adequate at 
lower levels. 
Effect of moisture stress on nutrients in the grain 
The analysis of variance for %N in com grain (Table 19) shows that 
moisture stress has a highly significant effect on percent nitrogen. The 
results displayed in Figure 26 show that moisture stress increases the per­
cent nitrogen in the grain. A breakdown of moisture-stress treatment sums 
of squares into orthogonal contrasts (Table 20) shows that %N is no differ­
ent for MST 3 than for MST 4 and that the significant differences result 
from the first and second stress periods. This difference between moisture-
stress treatments is reasonable, since, as shown earlier, no yield-reducing 
stress occurred during the third moisture-stress period. The first and 
second stress periods, each resulted in a yield decrease, and an increase 
in the percent nitrogen in the grain. An increase in nitrogen percent in 
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Table 19. Analyses of variance for percent N, P, and K in the grain 
Mean square (x 10*) 
Source of variation df. % N % P % K 
Replication 5 10939 8007** 2234 
Moisture stress treatment (MST) 3 188295** 1863 296 
Error a 15 5849 992 1159 
Varieties (V) 1 719334** 10004** 29400** 
V X MST 3 4382 690 1586* 
Error b 20 12045 986 420 
Foliar fertilizer (FF) 1 736751** 12604** 600 
FF X MST 3 3326 818 219 
FF X V 1 16276+ 4 504 
FF X MST X V 3 3607 123 96 
Error c # 5148 534 379 
Total 95 
t, *, **Signifleant at the 10%, 5%, and 1% levels, respectively. 
grain, also, resulted from moisture stress in the 1976 Experiment 2. 
Increases in percent nitrogen in the grain under moisture-stress conditions 
in wheat have been well-documented (Fernandez and Laird, 1959; Konovalov, 
1959; Storrier, 1965; Terman et al., 1969). Results for corn are less 
well-documented. Pierre et al. (1977) point out that for corn in Iowa, 
little luxury consumption of N was observed, except where yields were mate­
rially reduced by dry weather. Jurgens et al. (1978) found that corn held 
at low-water potential during grain fill had a higher percent nitrogen in 
the grain, but lower yield, than the controls. In corn most of the nitro­
gen uptake from the soil occurs before the grain filling period (Boyer and 
McPherson, 1975; Hanway, 1962b). Since moisture stress in this experiment 
was imposed during grain filling, the major portion of the N needed for the 
grain was already present in the plant before moisture stress occurred and 
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Figure 26. Percent nitrogen in the grain as influenced by foliar fertil­
izer and moisture stress, varieties combined 
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Table 20. Analysis of variance for percent N in the grain, main plots with 
orthogonal contrasts 
Mean square (x 10^ ) 
Source of variation df. % N in grain 
Replication 5 10939 
Moisture stress treatment (MST) 3 188295** 
CI = MST 3 vs. MST 4 1 4800 
C2 = MST 2 vs. MST 3, 4 1 160000** 
C3 = MST 1 vs. MST 2, 3, 4 1 387200** 
Error a 15 5849 
^^ Significant at the 1% level. 
could be translocated to the developing seeds. Apparently, translocation 
of nitrogen is less inhibited by moisture stress than is production and 
translocation of carbohydrate. 
Both varieties show a similar pattern of response to moisture stress 
with respect to percent nitrogen in the grain (Figure 27). The analysis of 
variance (Table 19), however, shows that variety effects are highly signif­
icant for percent nitrogen. The mean for Variety 1 was 1.91% N and for 
Variety 2, 1.74% N. Variety 2 plants were larger and had a greater yield 
than Variety 1, but the grain had a lower protein (nitrogen) concentration. 
Pierre et al. (1977) point out that corn with 1.54% N or greater In the 
grain had adequate nitrogen for maximum yield production. The lowest mean 
value in this experiment (Variety 2, MST 1, no foliar fertilizer) was 1.5%. 
This indicates that all nitrogen levels were adequate and that there was no 
nitrogen deficiency problem. 
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Figure 27. Percent nitrogen in the grain as influenced by foliar fertil­
izer and moisture stress, separated by variety 
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To investigate the actual quantity of nitrogen deposited in the grain, 
the grain nitrogen per plant was calculated as follows; 
GSPP , 
where GNPP is the grain nitrogen per plant given in grains per plant and 
yield is given in grains per plant. The analysis of variance for GNPP 
(Table 21) shows that varieties are highly significant. The mean GNPP for 
Variety 1 and Variety 2 are 2.93 and 3.02 grams per plant, respectively. 
The larger, higher yielding Variety 2 plants deposit more total N in the 
grain than Variety 1, but because of the much higher yield, the % N in the 
grain is lower in Variety 2. 
Table 21. Analyses of variance for grain nitrogen per plant (GNPP) and 
grain phosphorus per plant (GPPP) 
Source of variation df. 
Mean square x 
GNPP 
10* 
GPPP 
Replication 5 947 548* 
Moisture stress treatment (MST) 3 38738** 5023** 
Error a 15 1331 137 
Varieties (V) 1 46902** 7095** 
V X MST 3 1074 275* 
Error b 20 596 85 
Foliar fertilizer (FF) 1 1876t 85 
FF X MST 3 50 10 
FF X V 1 1237 6 
FF X MST X V 3 366 74 
Error c W 509 59 
Total 95 
t, *, **Significant at the 10%, 5%, and 1% levels, respectively. 
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Moisture-stress treatments are highly significant for nitrogen in the 
grain (GNPP) as seen in Table 21, but as Figure 28 shows, the yield 
decrease dominates, so that increasing moisture stress results in less 
nitrogen but a higher percent nitrogen in the grain. 
Moisture-stress treatments showed no significant effect on either per­
cent phosphorus or percent potassium in the grain (Table 19). Varieties, 
however, are significant. Variety 1 and Variety 2 had 0.511 and 0.491 % P 
in the grain, respectively. Variety 1 and Variety 2 had 0.388 and 0.353 
% K in the grain, respectively. These values are well within the ranges of 
values commonly observed in corn (Miller, 1958). The Variety 1 plants had 
less grain yield but higher percentages of N, P, and K in the grain than 
did Variety 2. 
Table 19 shows that for % P in the grain, replications test signifi­
cant. Replications 1 and 2 had lower percentages of P than did the other 
four replications. The values range from 0.470 to 0.524% P in the grain in 
Replication 1 and 5, respectively. Since these values are all in the high 
range of phosphorus percentages commonly observed in corn (Miller, 1958) 
and since replications did not test significant for grain yield, these dif­
ferences do not indicate a phosphorus deficiency problem. 
Effect of foliar fertilizer on nutrients in the grain 
The analysis of variance (Table 19) shows that the effect of foliar 
fertilizer on percent nitrogen in the grain was highly significant. Fig­
ure 26 shows that foliar fertilizer increased the percent nitrogen in the 
grain and that this increase occurred in all moisture-stress treatments. 
The mean values are 1.73 and 1.91% N in the no foliar-fertilizer and the 
96 
^No Foliar Fertilizer 
• Foliar Fertilizer 
3 
2 
n 
4 MST 
3 STRESS 
PERIODS 
Figure 28. Nitrogen in the grain (yield x % N) as influenced by foliar 
fertilizer and moisture stress, varieties combined 
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foliar-fertilizer treatments, respectively. This represents a 10.4% 
increase resulting from foliar fertilizer application. Figure 27 shows 
that the pattern of increase in percent nitrogen is similar in both vari­
eties. 
Earlier it was noted that grain yield was less in foliar-fertilizer 
than in no foliar-fertilizer treatments. The question arises whether 
foliar-fertilizer treatments actually increased the nitrogen deposited in 
the grain or if the same amount of nitrogen was present but spread through 
a lesser yield. To investigate this, the quantity of nitrogen in the 
grain (GNPP) was calculated as shown earlier. Table 21 gives the analysis 
of variance for GNPP (just fails to test significant at the 5% level). 
Figure 28 displays the results and shows that in all moisture-stress treat­
ments foliar-fertilizer treatments have higher levels of actual nitrogen in 
the grain despite a yield decrease. This indicates that the nitrogen 
sprayed onto the plants is absorbed by the plants and influences grain pro­
duction. Nitrogen in the grain is increased, but grain yield is reduced. 
Although the variety by foliar fertilizer interaction does not test 
significant for GNPP (Table 21), Figure 29 shows that the increase in grain 
nitrogen per plant resulting from foliar fertilizer application is most 
evident in Variety 2. Variety 2 received its first application of foliar 
fertilizer 14 days after silking, but for Variety 1 foliar fertilizer 
application commenced 20 days after silking. This may suggest that foliar 
fertilizer is more effective for increasing nitrogen in the grain when 
applied early in the post anthesis period. However, since nitrogen per­
centages are higher in Variety 1, it may be that Variety 1 was not able to 
utilize the additional nitrogen as well as Variety 2. In one of his 
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Figure 29. Nitrogen in the grain (yield x % N) as influenced by foliar 
fertilizer and moisture stress, separated by variety 
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experiments, Kargbo (1978) obtained an increase in grain nitrogen percent 
with no associated grain yield increase when a balanced N and S foliar fer­
tilizer was applied to corn. While studying the relationship of nitrate 
reductase activity to grain protein in wheat, Croy and Hageman (1970) found 
that increasing soil applied nitrogen, increased yield and protein content 
of the grain, and that there is genetic variation between varieties in 
their ability to utilize this applied nitrogen in making grain protein. If 
the same principles apply to corn, this suggests that the difference 
between varieties in their ability to increase GNPP may be because the 
larger. Variety 2, plants intercepted more foliar fertilizer at a more 
appropriate time for grain protein production or that there may be genetic 
differences in their ability to utilize the foliar applied nitrogen for 
grain protein production. Variety 2 had a lower percentage of nitrogen in 
the controls than Variety 1 but experienced a greater increase in GNPP in 
response to foliar fertilizer application. 
Foliar fertilizer effects test highly significant for percent phos­
phorus in the grain (Table 19). Figure 30 shows that foliar fertilizer 
application increased percent phosphorus in the grain in all moisture-
stress treatments. Mean values are 0.513% and 0.490% P in the foliar-
fertilizer treatments and in the controls, respectively. This is an 
increase of 4.7% resulting from foliar-fertilizer application. Figure 31 
shows that this pattern of increase is consistent in both varieties. These 
results suggest that foliar-applied fertilizer did influence the phosphorus 
content of the grain. To investigate the total amount of phosphorus in the 
grain, grain phosphorus per plant (GPPP) was calculated by a method analo­
gous to calculation of GNPP for nitrogen. Foliar-fertilizer effects do not 
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Figure 30. Percent phosphorus in the grain as influenced by foliar fertil­
izer and moisture stress, varieties combined 
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Figure 31. Percent phosphorus in the grain as influenced by foliar fertil­
izer and moisture stress, separated by variety 
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test significant for GPPP (Table 21) and, in fact, the total phosphorus in 
the grain was less in foliar fertilizer treatments (0.818 grams/plant) than 
in the controls (0.837 grams/plant). 
As stated earlier, phosphorus levels in the grain are adequate to 
high. It may be that with high phosphorus levels already present in the 
grain, additional phosphorus sprayed onto the leaves was not translocated 
to the grain but that the increase in % P in the grain resulted from the 
yield decrease associated with foliar fertilizer application. 
Foliar-fertilizer effects did not test significant for % K in the 
grain (Table 19). Potassium translocation from the leaves to the grain 
occurs very early in grain development. Later, potassium translocation 
from the leaves is primarily to the stalks rather than to the grain 
(Hanway, 1962b). It is, therefore, not surprising that foliar fertilizer 
applied during the grain-filling period does not significantly influence 
potassium in the grain. 
Interaction between foliar fertilizer and moisture stress 
As was true with grain yield, no Interaction of moisture stress and 
foliar fertilizer treatments was observed for % N, % P, or % K in the 
grain. 
Photosynthesis Studies 
The rate of photosynthesis in green plants is controlled by various 
environmental factors. Slatyer (1967) points to the diffusion process con­
trolling COg supply, the photochemical process utilizing light energy, and 
the chemical "dark" reactions Involved in the reduction of CO^  as being key 
processes in photosynthesis. Not only can any one of these processes 
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become limiting to photosynthesis, but all can be affected by water status 
in the plant. Consequently, the two environmental factors most likely to 
limit photosynthesis are light and moisture stress (Slatyer, 1967). He 
also indicates that the two main modes of action of water stress on photo­
synthesis are stomatal closure and a direct biochemical effect of water 
deficit on the processes involved in photosynthesis. 
Troughton (1969) presents results of experiments with young cotton 
leaves in a controlled environment with constant irradiance, which show 
that leaf diffusive resistance (conductance) is the primary controlling 
factor resulting in reduction of CO^  exchange in water stressed plants. 
El-Sharkawy and Hesketh (1964) showed that in sorghum, stomatal area limits 
the rate of photosynthesis in intense light. Ackerson and Krieg (1977) 
showed evidence that in corn, sensitivity of stomatal response to moisture 
stress is less during the reproductive stages of growth than during vegeta­
tive growth. 
Irradiance levels influence stomatal opening, hence, leaf conductance. 
Hsiao (1975) points out that light levels required for stomatal opening are 
small with respect to full sunlight. Raschke (1975) suggests that, in 
fact, light control of stomatal opening is indirect in that CO^  concentra­
tion actually controls stomatal opening, but light is necessary for the 
photochemical activity of photosynthesis that reduces CO^  concentration in 
the mesophyll, triggering stomatal response. In soybeans Hatfield (1975) 
found that leaf diffusive resistance did not increase in response to light 
-2 -1 
until light levels had decreased to about 100 yE m sec 
Several experiments that explore the relationship between irradiance, 
rate of photosynthesis (^ C^Og uptake rate), and conductance are reported. 
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Light response curve 
On Augu&t 11, 1977, photosynthesis was monitored by measuring CO^  
uptake on four leaves from different plants In a field crop bordering the 
weather shelter plot. The plants were the same as Variety 2 in the weather 
shelter plot. Leaves were selected for good exposure to the sun along a 
large enough portion of the leaf to take six samples. Samples were taken 
under shading by successively increasing layers of cheesecloth to give a 
range of irradiances. 
The light response curve obtained on four leaves from different plants 
is given in Figure 32. The CO^  uptake rate on the different leaves fits 
well into a single pattern, showing that levels of photosynthesis at a 
given light level are comparable between leaves for the leaves chosen in 
this experiment. The results may be described by an equation of the form 
(PS)^  = a + b(PPFD) 
-2 -1 
where PS is the rate of photosynthesis in mg CO^  dm hr and PPFD is the 
-2 -1 
photosynthetlc photon flux density measured in pE m sec . Except for 
overestimating photosynthesis at very low irradiances, the curve fits the 
2 data well. For all leaves combined, r = 0.939. For individual leaves, 
2 
r ranges from 0.951 to 0.996. The curve indicates that light saturation 
-2 -1 had not been achieved in full sunlight (approximately 2400 pE m sec ). 
This is consistent with results for corn reported by Hesketh (1963), who 
showed that corn achieved a higher rate of photosynthesis than several 
other species but did not achieve light saturation. The maximum levels of 
-2 -1 
COg uptake rate in this experiment (^  40 mg CO^  dm hr ) are low com­
pared to those given by Hesketh (~ 60 mg CO^  dm ^  hr  ^for net 
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photosynthesis), but the sampling was done August 11, which in the early 
season of 1977 was late in the grain filling period. The low values may be 
the result of declining rate of photosynthesis with leaf age, or calibra­
tion differences, which would leave the relationship between values 
unchanged. Calibration of the apparatus was discussed in an earlier chap­
ter. The corn leaves used by Hesketh were vigorously growing young leaves. 
Levels experiment 
An experiment that shows the consequences of photosynthesis response 
to light was conducted August 3, 1976, in Experiment 1. In this experi­
ment, COg uptake was sampled at five levels in the canopy (Level 1 = top. 
Level 5 generally 1 leaf below ear leaf), over all seven moisture-stress 
treatments, and in two replications. On this date, MST 4 and 6 were under 
moisture stress, hence rates of photosynthesis were depressed. The means 
of all measurements of photosynthesis and light for the remaining five 
moisture-stress treatments are displayed as a function of level in Figure 
33. The average rate of photosynthesis declines with level in the canopy. 
This is related to the decline in mean irradlance with depth into the 
canopy. 
Diurnal response 
On August 18, 1976, CO^  uptake was measured at two-hour intervals over 
the day in six border potometers in which soil moisture conditions varied 
over a large range. Leaf conductance measurements were taken about h hour 
earlier than the corresponding CO^  uptake samples. In each potometer, 
leaves were sampled for CO^  uptake at three levels where Level 1 was at the 
top of the plant and Level 3, the ear leaf. Since Level 1 most consistently 
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had good irradiance. Level 1 results from all six potometers are displayed 
in Figure 34. The curves are labeled by soil-moisture counts in the potom­
eters. Corresponding values of soil moisture expressed as percent by 
weight are given in Table 22. The pattern observed is that if moisture 
stress is not a limiting factor, the rate of photosynthesis follows the 
pattern of available light. Under good soil-moisture conditions, the pat­
tern of photosynthesis follows the diurnal light pattern. In the most 
severely moisture limited case, the first measurement in the morning had a 
COg uptake rate comparable to that in the other treatments. This shows 
that night time recovery occurred. By midday photosynthesis was reduced to 
a very low level and remained low the remainder of the day. In the inter­
mediate range of soil moisture, the response pattern was influenced both by 
light and conductance. Generally, it appears that until soil-moisture 
counts are below about 200, there is little evidence of reduction in photo­
synthesis caused by moisture stress. This was taken as a general criterion 
for estimating when plants were under stress in the 1976 season. 
Effects of the controlling factors in photosynthesis are illustrated 
further in Figure 35 where Level 1 photosynthesis (PS), leaf conductance 
(COND), and photosynthetic photon flux density (PPFD) are plotted over the 
day for three selected potometers. The first example (Figure 35a) had soil 
soil-moisture counts = 214. This represents adequate soil moisture, as 
evidenced by the fact that photosynthesis follows a smooth diurnal curve 
similar to the curve for PPFD. Conductance follows a similar pattern. The 
second example (Figure 35b) had soil moisture counts = 200. Soil moisture 
still appears to be adequate as seen by the smooth response curve of con­
ductance. In this case irradiance is more limiting to photosynthesis than 
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Table 22. Soil moisture, expressed as percent by weight (0 ), correspond­
ing to given soil-moisture counts ® 
Soil-moisture counts 0 g 
252 15.0 
243 14.2 
214 11.8 
200 10.6 
176 8.7 
158 7.2 
to conductance. Hatfield (1975) found that in soybeans irradiance had to 
be reduced to about 100 pE m  ^sec ^  for leaf conductance to become small 
due to limitation of light. In the third example (Figure 35c), soil-
moisture counts are 158. This represents a severe moisture-stress condi­
tion. Despite the fact that light was adequate and showed a normal diurnal 
pattern, photosynthesis was at a very low level throughout the day, except 
for the first measurement in the morning. Except for the first measurement, 
conductance was low and provided a limitation to the rate of photosynthesis. 
The results, however, do not preclude the possibility that photosynthesis 
was limited by a decrease in activity of the photochemical apparatus as 
well as by a decrease in conductance. The figure shows that photosynthesis 
was reduced more than conductance. Boyer (1971) showed evidence with sun­
flower that, under low-water potential, photosynthesis was limited by 
reduced photochemical activity, as well as by decreased conductance. 
Wardlaw (1967) found similar results in wheat. The most severely stressed 
- 2 - 1  
Figure 35. Diurnal response of photosynthesis (mg CO2 dm hr ) in upper leaves, shown in relation 
to leaf conductance (cm sec~l) and photosynthetic photon flux density (yE m sec~^ ), for 
three selected potometers 
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plants did, however, show overnight recovery, since the first measurement 
in the morning had a normal rate of CO^  uptake. 
Diurnal response patterns at three levels in the canopy are illus­
trated in Figure 36 by curves selected to show different patterns. Fig­
ure 36a shows a typical response under adequate soil-moisture conditions. 
At each level photosynthesis follows a similar diurnal pattern, except that 
deeper into the canopy the rate of photosynthesis is generally lower and 
more subject to variation for individual measurements due to shading and 
sunfleeks. This general decline of photosynthesis rate deeper into the 
canopy because of decreased irradiance was illustrated in Figure 33 and 
discussed earlier. Figure 36b shows photosynthesis at three levels under 
conditions of severe moisture stress. All levels showed night time recov­
ery, and all levels showed reduction of CO^  uptake rate to near zero by 
midday. The responses shown in Figure 36c are more irregular. The upper 
leaf had the lowest rate of photosynthesis, but this was due to a low level 
of irradiation (for the third and fourth measurement, PPFD was 400 and 
-2 -1 350 nE m sec , respectively). This example illustrates that levels down 
to the ear leaf can have very high rates of photosynthesis if they are well 
exposed to sunlight. 
Rates of photosynthesis are strongly influenced both by irradiance and 
by plant-moisture status. The data obtained in diurnal measurements at all 
three levels constitute a set of field measurements with a large range of 
irradiances and different moisture-stress conditions. These individual 
data points are plotted to show photosynthesis as a function of PPFD in 
Figure 37. The data appear to separate into two categories: those where 
photosynthesis is severely limited by moisture stress and those which 
Figure 36. Diurnal response of photosynthesis at three levels in the canopy for three selected 
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follow a normal light response curve not limited by moisture stress. Mois­
ture stress does not appear to limit photosynthesis through a continuous 
range. Boyer (1971) shows curves for sunflower held at high- and low-water 
potential that show a similar pattern except that both curves show light 
saturation. Figure 37 shows that corn does not show light saturation under 
full sunlight in unstressed plants. The results in this graph also show 
-2  -1  
maximum CO^  uptake rates of about 60 mg CO^  dm hr , which compare well 
with the high rates reported by Hesketh (1963). 
Another set of data that provides an example of field data gathered 
under different moisture conditions and a large range of irradiances are 
the data from the levels study conducted August 3, 1976, and discussed 
earlier. In Figure 38 all data points including those from the treatments 
under moisture stress are plotted showing photosynthesis as a function of 
PPFD. These follow a pattern similar to that seen in Figure 37. The 
plants not under stress show a light response curve similar to that 
obtained on August 11, 1977, under controlled shading. The moisture-
stressed plants follow a pattern severely limited by moisture stress. 
Again, the data separate into two categories, rather than varying through a 
continuous range of light response curves. 
Foliar fertilizer effects on photosynthesis 
If foliar fertilizer is to increase yield, it might be expected that 
there will be an Increased rate of photosynthesis after foliar fertilizer 
application or persistence of photosynthesis at effective levels later in 
the season. In an attempt to detect effects of foliar fertilizer on 
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PHOTOSYNTHETIC PHOTON FLUX DENSITY 
(pE m"^ sec"^) 
Figure 38. Light response curves. Rate of photosynthesis as a function of 
photosynthetic photon flux density in moisture-stressed and 
nonstressed plants. Data from levels experiment 
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photosynthesis, CO^  uptake rate was monitored on several days as a compari­
son between foliar-fertilizer treatments and controls. 
In 1977 sampling was begun before foliar fertilizer application com­
menced and was repeated several times after each application. When 
possible, sampling was done on the same leaf on several successive sampling 
days. An effort was made to match samples between foliar-fertilizer treat­
ments by choosing leaves with similar light exposure. As much as possible, 
samples were taken under high irradiance to minimize the variation in rate 
of photosynthesis that results from exposure to different irradiances. 
Because a foliar fertilizer by moisture stress interaction had been antici­
pated, samples were taken over all moisture-stress treatments. Such an 
interaction was not observed for grain yield. When plants are under mois­
ture stress, the stress effect dominates the CO^  uptake pattern. For this 
reason data from MST 1 which was well-watered all season are emphasized in 
the analysis of results. 
Results for MST 1 are displayed in Figure 39 for Variety 1 and in Fig­
ure 40 for Variety 2. The values plotted are means for the respective 
variety and foliar-fertilizer treatment for MST 1, taken over all available 
data. The seasonal trend of decline in photosynthesis rate is evident in 
both varieties. Analyses of variance do not show a significant effect of 
foliar fertilizer on rate of photosynthesis. This may be a real effect, or 
it may be a consequence of the variability encountered in CO^  uptake meas­
urements. Three replications may not have been sufficient to detect dif­
ferences in an analysis of variance. 
There is, however, an Interesting pattern that occurs after foliar 
fertilizer application (FF). The day following foliar fertilizer 
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post-silking period showing response to foliar-fertilizer 
application. Variety 1, MST 1 
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post-silking period showing response to foliar-fertilizer 
application, Variety 2, MST 1 
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application, a depression in the CO^  uptake rate occurs in foliar-fertilizer 
treatments that does not occur in the controls. This depression is evident 
for FF 1 and FF 3 for both varieties (Figures 39 and 40). Such a depres­
sion in COg uptake rate is not as evident for FF 2 in either variety. The 
second foliar fertilizer application occurred on a rainy evening under 
cover of the weather shelter. The following morning, moisture was still 
visible on the corn leaves. It may be that because evaporation was not as 
rapid under these conditions, the foliar fertilizer was absorbed more 
slowly and effectively. A plot of conductance means (Figures 39 and 40) 
shows that the depressions in CO^  uptake rate are associated with similar 
patterns in leaf conductance. This suggests that the depression in COg 
uptake rate was the result of a decreased conductance, limiting CO^  diffu­
sion. 
Another interesting feature shown in the graphs (Figures 39 and 40) is 
that the second day after foliar fertilizer application, photosynthesis 
generally attains a higher rate in the foliar-fertilizer treatments than in 
the controls. It appears that the first day after foliar fertilizer appli­
cation, COg uptake rate is depressed, but the following day there is com­
pensation for this loss. This high rate did not persist for more than 
several days after foliar fertilizer application. 
Further evidence for the pattern seen in the means is obtained by 
looking at effects on individual leaves. In most cases for MST 1, it was 
possible to sample CO^  uptake on the same leaf on the first four sampling 
days. This overcomes some of the problem of variability between leaves. 
Comparisons between foliar-fertilizer treatments as seen on individual 
leaves are shown in Figure 41. The pattern of CO^  uptake rate depression 
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Figure 41. Photosynthesis measurements on individual leaves the first four days of measurement show­
ing response to the first foliar-fertilizer application in MST 1 
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on the day following foliar-fertilizer application appears quite consis­
tently on individual leaves in both varieties. In only one case in Vari­
ety 2 is this pattern not evident. In view of these results, the observed 
pattern of depression in CO^  uptake rate on the day following foliar fer­
tilizer application appears to be real. The analysis of variance is unable 
to detect this effect, because three replications are insufficient for COg 
uptake measurements that show so much natural variability. 
An analysis of variance (Table 23) was calculated for MST 1 for the 
1977 season using days as a variable. Conservative degrees of freedom were 
applied for the effect of days and for interactions with days. The analy­
sis was based on data for all days except the last day, for which only data 
for Variety 2 were available. Foliar fertilizer does not test significant 
over the season. Only days tested significant up to the 5% level. This 
effect of days likely is the result of the seasonal trend of decline in 
rate of photosynthesis (Figures 39 and 40). A similar analysis of variance 
(Table 24) was calculated for data from three days (Julian dates 209, 222, 
229) selected because they represent several days after foliar-fertilizer 
application, thereby avoiding the transient responses that appear on the 
two days immediately following foliar-fertilizer application. Again, the 
only effect that tests significant at the 5% level is days, indicating the 
seasonal trend. Foliar fertilizer does not test significant. Mean values 
for the foliar-fertilizer treatments and the controls are 34.8 and 32.7 mg 
-2 -1 
COg dm hr , respectively. 
Boote et al. (1978) measured CO^  uptake with a similar apparatus in 
determinate soybeans. Photosynthesis rates were slightly higher in the 
foliar-fertilizer treatments than in the controls but tested significant on 
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Table 23. Analysis of variance for photosynthesis over days in the 1977 
season, MST 1 only 
Source of variation df. 
Conservative 
df. Mean square 
Replication 2 2 200.6 
Variety (V) 1 1 98.7 
Error a 2 2 146.2 
Foliar fertilizer (FF) 1 1 7.0 
FF X V 1 1 0.1 
Error b 4 4 32.8 
Day 9 1 695.4** 
Day X V 9 1 82.9 
Day X FF 9 1 54.6 
Day X FF X V 9 1 44.0 
Error c 72 8 56.9 
^^ Significant at the 1% level using conservative degrees of freedom. 
Table 24. Analysis of variance for photosynthesis over days, Julian dates 
209, 222, 229 in the 1977 season, MST 1 only 
Conservative 
Source of variation df. df. Mean square 
Replication 2 2 152.3 
Variety (V) 1 1 190.3 
Error a 2 2 193.9 
Foliar fertilizer (FF) 1 1 36.2 
FF X V 1 1 39.7 
Error b 4 4 30.2 
Day 2 1 279.8* 
Day X V 2 1 107.0 
Day X FF 2 1 5.4 
Day X FF X V 2 1 72.6 
Error c 16 8 26.0 
*Significant at the 5% level using conservative degrees of freedom. 
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only two days. Their CO^  uptake measurements were taken six days after 
each foliar-fertilizer application. If a depression in rate of photosyn­
thesis following foliar-fertilizer application such as observed in our 
measurements occurred in their plants, their measurements would not have 
detected these. Only the seasonal trend would be apparent. 
Evidence of events such as were observed in the 1977 experiment were 
also obtained in 1976. The CO^  uptake measurements in 1976 did not follow 
as specific a pattern as in 1977 and not as much care was taken to match 
irradiances between treatments. Several observations, however, support the 
trends observed in 1977. 
On August 25, 1976, several leaves of plants in a field plot bordering 
the weather shelter were swabbed with foliar fertilizer on one side of the 
midrib. Photosynthesis was monitored on both sides of the midrib the fol­
lowing two days. On the first day following application, 16 samples were 
taken from three plants by pairing samples on both sides of the midrib. 
-2  -1 
The mean CO^  uptake rate was 50.3 and 41.7 mg CO^  dm hr on the control 
and the foliar fertilizer sides, respectively. This represents a reduction 
in rate of photosynthesis of 17% due to swabbing with foliar fertilizer. 
All plants sampled showed a decrease on the foliar-fertilizer side of the 
leaf. These results show the same pattern of depression in CO^  uptake rate 
the day following foliar-fertilizer application that was observed in 1977. 
The following day CO^  uptake rate showed considerable recovery in the 
foliar-fertilizer treatments. Thirty paired samples were taken on six 
plants. The mean values of CO^  uptake rates are 35.8 and 33.2 mg CO^  
-2  -1  dm hr for the controls and the foliar-fertilizer treatments, respec­
tively. This represents a 7% decrease due to foliar fertilizer. In four 
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of the six plants sampled, photosynthesis rates in the foliar-fertilizer 
treatments were lower than the controls, while in two plants this was 
reversed. These results suggest a trend toward recovery from the severe 
depression of CO^  uptake rate on the day following foliar-fertilizer appli­
cation. 
Sampling CO^  uptake rate to observe foliar fertilizer effects occurred 
on three days in the weather shelter plot in the 1976 season. Mean values 
are tabulated in Table 25. An analysis of variance was calculated for each 
of these days, but in no case did foliar-fertilizer treatments test signif­
icant. Mean values indicate that foliar fertilizer did not increase the 
rate of photosynthesis. On August 19 the mean rate of photosynthesis in 
the foliar-fertilizer treatments was lower than in the controls, while on 
the other two days rates were no different. On September 1, samples were 
taken in Experiment 2 in both varieties. The overall means show that COg 
uptake rate is the same in foliar-fertilizer treatments as in the controls, 
however, the two varieties respond in opposite directions. 
Table 25. Photosynthesis rate means for three days in 1976 
Mean photosynthesis 
Days mg CO2 dm~^  hr~-
Date after FF Expt. N Reps No FF FF 
8/19 6 1 56 2 49.5 43.6 
8/26 2 1 84 6 53.0 53.3 
9/1 2 2 72 6 44.1 44.0 
Data for 9/1 Variety 1 48.2 42.9 
separated by variety Variety 2 40.0 45.1 
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In all these experiments, except for the transient responses observed 
in the first two days after foliar fertilizer application, no evidence was 
found that shows that foliar fertilizer either increases the rate of photo­
synthesis during the season or prolongs the season for photosynthesis. 
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SUMMARY AND CONCLUSIONS 
Moisture stress applied after silking resulted in a decrease in grain 
yield in all experiments. The expression of this effect in terms of yield 
components varied between varieties and conditions of moisture stress. 
These differences can be related to timing of the moisture stress. Mois­
ture stress that occurred within about two weeks after silking resulted in 
a decrease in the number of seeds harvested. During the first two weeks 
after silking, the number of viable seeds is being determined, and stress 
during this period affects the number of seeds available for seed filling. 
Moisture stress that occurs later than about two weeks after silking pri­
marily affects the seed size. During this period the plant is filling the 
viable seeds. Stress during this period adversely affects the seed filling 
process, thereby reducing final seed size. If moisture stress occurred 
during the first two weeks after silking and reduced the number of viable 
seeds but growing conditions were favorable throughout the remainder of the 
growing season, seed size compensation occurred by producing larger seeds 
than in the controls. 
Moisture stress resulted in an increased percent nitrogen in corn 
grain. This occurred in both years in crops that did not show signs of 
nitrogen deficiency. Because the yield decrease dominates, less nitrogen 
was present in the grain in moisture stressed plants than in the controls, 
but the nitrogen percentages were higher. Total dry matter production in 
the grain was more inhibited by moisture stress than was accumulation of 
nitrogen in the grain. Moisture stress did not change the percent phos­
phorus or potassium in the grain. 
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Varieties differed in percent nitrogen and phosphorus In the grain. 
In each year a different set of varieties was compared. In each compari­
son the lower yielding variety had the higher percent nitrogen and phos­
phorus in the grain. 
In 1976 no significant effects of foliar fertilizer were measured. In 
the 1977 experiment, foliar fertilizer effects tested highly significant 
for grain yield; foliar fertilizer treatments yielded 6.4% lower than the 
controls. This yield decrease occurred consistently in both varieties and 
at all the moisture-stress conditions. There was no evidence of interac­
tion between moisture stress and foliar fertilizer effects. In 1977 the 
foliar fertilizer was applied at an earlier stage in the development of the 
corn than in 1976. 
The effect of foliar fertilizer on yield components differed between 
the two varieties in 1977. In Variety 1 the yield decrease resulted from a 
decrease in seed size. In Variety 2 neither seed size nor seed number 
showed a significant effect, but the overall yield decrease was significant. 
This may be related to the physiological stage of development when foliar 
fertilizer application commenced. In Variety 1 foliar fertilizer was first 
applied during the seed filling stage (20 days past silking), while in 
Variety 2 the first application of foliar fertilizer occurred 14 days after 
silking. This is during the transition between seed set and seed filling, 
hence both seed size and seed number suffered some of the deleterious 
effect of foliar fertilizer. The effect of foliar fertilizer found its 
expression in the yield components being determined at or shortly after the 
time of application. The fact that earlier application did not cause a 
significant decrease in seed size suggests that the deleterious effect of 
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foliar fertilizer is short lived and does not continue through the remainder 
of the growing season. 
Foliar fertilizer was shown to influence the nitrogen and phosphorus 
percentages in the grain at harvest. No effect of foliar fertilizer on the 
percent nitrogen, phosphorus, or potassium was measured in 1976. In the 
1977 experiment, however, the effect of foliar fertilizer on percent nitro­
gen and percent phosphorus in the grain was highly significant. Percent 
nitrogen in the grain was increased 10% over the controls by foliar fer­
tilizer application. Since yield was decreased and percent nitrogen 
increased, the total nitrogen in the grain was calculated. In the foliar-
fertilizer treatments, grain nitrogen was higher than in the controls. 
This suggests that foliar applied nitrogen was absorbed by the plant and 
became available to the grain. Percent phosphorus in the grain was 4.7% 
greater in foliar-fertilizer treatments than in the controls, but total 
phosphorus in the grain was no different. 
Photosynthesis response to levels of irradiance was measured on sev­
eral leaves under increasing shading on plants with adequate soil moisture. 
The results follow a consistent pattern plotted as a light response curve 
for rate of photosynthesis. Rate of photosynthesis was also measured under 
naturally differing conditions of irradiance and under different soil mois­
ture conditions by sampling at several levels in the crop canopy and in 
several moisture-stress treatments. When data from well-watered and 
moisture-stressed plants are plotted together, they appear to separate into 
two patterns: very low rajte of photosynthesis for moisture stressed plants 
at any level of irradiance and a normal light response curve for plants 
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with adequate moisture. The results do not suggest a continuous family of 
light response curves under a range of soil moisture conditions. 
Measurements of photosynthesis taken diurnally under a range of soil-
moisture conditions showed that both irradiance and moisture status have a 
strong controlling influence on the rate of photosynthesis. The most 
severely stressed plants showed overnight recovery but very low rates of 
photosynthesis for most of the day. In plants with adequate moisture, the 
rate of photosynthesis was determined by irradiance. Under severe moisture 
stress, it appears that photosynthesis is limited by other stress induced 
factors, as well as by decreased stomatal conductance. 
On the day after foliar fertilizer had been applied, the rate of 
photosynthesis usually was depressed. The following day the rate of photo­
synthesis showed strong recovery. This depression was associated with a 
decrease in stomatal conductance. Except for these transient responses on 
the first two days following foliar fertilizer application, no evidence was 
found that foliar fertilizer either increases the rate of photosynthesis 
during the growing season or prolongs the season for photosynthesis. 
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Table A.l. Experimental layout, 1976 Experiment 1 
Row 
Potometer B C D E F G 
16 1252' 
1251 
1121 
1122 B 
0832 
0831 
0711 
0712 
15 1242 
1241 
1162 
1161 
1062 
1061 
0961 
0962 
0841 
0842 
14 1261 
1262 
1142 
1141 
1052 
1051 
0922 
0921 
0822 
0821 
0761 
0762 
13 1221 
1222 
1171 
1172 
1042 
1041 
0951 
0952 
0851 
0852 
0772 
0771 
12 1212 
1211 
1152 
1151 
1072 
1071 
0931 
0932 
0741 
0742 
11 1272 
1271 
1131 
1132 
1022 
1021 
0971 
0972 
0862 
0861 
0751 
0752 
10 1231 
1232 
nil 
1112 
1031 
1032 
0912 
0911 
0812 
0811 
0722 
0721 
0641 
0642 
0522 
0521 
1012 
1011 
0942 
0941 
0871 
0872 
0732 
0731 
0631 
0632 
0541 
0542 
0432 
0431 
0341 
0342 
0211 
0212 
0121 
0122 
0622 
0621 
0551 
0552 
0472 
0471 
0312 
0311 
0272 
0271 
0111 
0112 
0611 
0612 
0572 
0571 
0442 
0441 
0331 
0332 
0242 
0241 
0132 
0131 
R^RMF. Where R = replication 
M = moisture-stress treatment 
F = foliar-fertilizer treatment 
1 = no foliar fertilizer 
2 = foliar fertilizer 
B^ = border plants. 
= reassigned. 
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Table A.l. (continued) 
Potometer 
Row 
D 
X 
0512 
0511 
0462 
0461 
0361 
0362 
0262 
0261 
0172 
0171 
0661 
0662 
0451 
0452 
0352 
0351 
0232 
0231 
0152 
0151 
0671 
0672 
0531 
0532 
0412 
0411 
0322 
0321 
0252 
0251 
0141 
0142 
0652 
0651 
0562 
0561 
0422 
0421 
0372 
0371 
0221 
0222 
0161 
0162 
B B B B B B 
Table A.2. Analysis of variance for 1976 Experiment 1 
Source df. 
Replication (Rep) 11 
Moisture-stress treatment (MST) 6 
Error a 66 
Rep X MST 66 
Foliar fertilizer (FF) 1 
FF X MST 6 
Error b 77 
FF X Rep 11 
FF X MST X Rep 66 
Total 167 
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Table A.3. Orthogonal contrasts for grain yield, 1976 Experiment 1 
MST Cl C2 C3 C4 C5 C6 Mean 
1 6 0 0 0 0 0 230. 75 
2 1 1 1 0 0 204. 20 
3 0 0 1 1 187. 71 
4 1 -1 1 0 0 207. 75 
5 0 0 -1 1 181. 22 
6 1 0 —2 0 0 187. 10 
7 0 0 0 -2 167. 35 
Contrast SS (MS) 35478 15760 151 5700 505 4687 
F 31.7** 14.1** .14 5.1* .45 4.2* 
Error a (66 d.f.) Error Mean Square = 1118 
n(l y +...+1 y 
Contrast SS = —— 
n = Rep X FF = 24 
1^  = Coefficient 
y^  = Mean 
*, ^ S^ignificant at the 5% and 1% levels, respectively. 
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Table A.4. Experimental layout, 1976 Experiment 2 
Row 
zometer B C D E F G 
23 6122* 6311 6222 5222 5312 5112 
6121 6312 6221 5221 5311 5111 
22 6111 6321 6211 5211 5321 5121 
6112 6322 6212 5212 5322 5122 
21 4221 4321 4112 3322 3112 3222 
4222 4322 4111 3321 3111 3221 
20 4212 4312 4122 3311 3122 3211 
4211 4311 4121 3312 3121 3212 
19 2322 2111 2212 1322 1212 1111 
2321 2112 2211 1321 1211 1112 
18 2312 2121 2222 1312 1221 1121 
2311 2122 2221 1311 1222 1122 
17 B^  B B B B B 
R^MVF. Where R = replication 
M = moisture-stress treatment 
V = variety 
F = foliar-fertilizer treatment 
1 = no foliar fertilizer 
2 = foliar fertilizer. 
= border plants. 
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Table A.5. Analysis of variance for 1976 Experiment 2 
Source df. 
Replication (Rep) 5 
Moisture-stress treatment (MST) 2 
Error a 10 
Rep X MST 10 
Variety (V) 1 
V X MST 2 
Error b 15 
V X Rep 5 
V X MST X Rep 10 
Foliar fertilizer (FF) 1 
FF X MST 2 
FF X V 1 
FF X MST X V 2 
Error c 30 
FF X Rep 5 
FF X MST X Rep 10 
FF X V X Rep 5 
FF X MST X V X Rep 10 
Total TI 
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Table A.6. Experimental layout, 1977 experiment 
Potometer A 
Row 
D H 
5421^  6112^  
6212* 6221 6411 6422 6111 6121 6321 6311 
6211 6222 6412 6421 6112^  6122 6322 6312 
5221 5212 5412 5422 5111 5121 5321 5312 
5222 5211 5411 5421^  5112 5122 5322 5311 
4112 4121 4312 4322 4421 4411 4222 4212 
4111 4122 4311 4321 4422 4412 4221 4211 
3422 3412 3212 3221 3311 3322 3111 3121 
3421 3411 3211 3222^  3312 3321 3112 3122 
2312 2322 2121 2112 2212 2222 2411 2421 
2311 2321 2122 2111 2211 2221 2412 2422 
1322 1311 1222® 1212 1112 1122 1421 1411 
1321 1312 1221 1211^  1111 1121 1422 1412 
1222® 1211^  3222^  
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
*RMVF. Where R = replication 
M = moisture-stress treatment 
V = variety 
F = foliar-fertilizer treatment 
1 = no foliar fertilizer 
, 2 = foliar fertilizer 
 ^^ Matched letters represent reassigned potometers. 
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Table A.7. Analysis of variance for the 1977 experiment 
Source df. 
Replication (Rep) 5 
Moisture-stress treatment (MST) 3 
Error a 15 
Rep X MST 15 
Variety (V) 1 
V X MST 3 
Error b 20 
V X Rep 5 
V X MST X Rep 15 
Foliar fertilizer (FF) 1 
FF X MST 3 
FF X V 1 
FF X MST X V 3 
Error c 40 
FF X Rep 5 
FF X MST X Rep 15 
FF X V 5 
FF X MST X V X Rep 15 
Total 95 
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Table A.8. Orthogonal contrasts for grain yield, 1977 experiment 
MST Cl C2 C3 Mean 
1 
2 
3 
4 
Contrast SS (MS) 
F 
G 
G 
1 
-1 
16 
,03 
0 
2 
- 1  
- 1  
17983 
37.9** 
3 
-1 
-1 
-1 
50467 
106.4** 
205.6 
175.0 
142.1 
140.9 
Error a (15 d.f.) Error Mean Square = 474 
2 
Contrast SS = 
n(l^y^+...+l^y^) 
n = Rep X V X FF = 24 
Ij, = Coefficient 
y^  = Mean 
^^ Significant at the 1% level. 
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Table B.l. Schedule of events, 1976 
Date Julian date 
Experiment 1 
Planting 
75% silk 
FF 1 
FF 2 
FF 3 
5/11 
7/16 
8/13 
8/24 
9/2 
133 
198 
226 
237 
246 
Moderate stress Hard stress 
Date Julian date Date Julian date 
Experiment 1  ^
Drydown period 1 
Drydown period 2 
Drydown period 3 
Harvest 
7/18-7/25 
7/27-8/5 
8/7-8/20 
9/30 
200-207 
209-218 
220-233 
273 
7/18-7/29 
7/31-8/12 
8/14-8/25 
9/30 
200-211 
213-225 
227-238 
273 
Date Julian date 
Experiment 2 
Planting 
75% silk (Variety 1) 
75% silk (Variety 2) 
FF 1 
FF 2 
FF 3 
Drydown period 1 
Drydown period 2 
Drydown period 3 
Harvest 
5/11 
7/22 
7/30 
8/20 
8/30 
9/9 
7/18-7/28 
7/30-8/9 
8/14-8/25 
10/14 
133 
204 
212 
233 
243 
252 
200-210 
212-222 
227-238 
287 
S^oil moisture was measured at two- or three-day intervals during 
stress periods. 
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Table B.2. Schedule of photosynthesis measurements,^  1976 
Date Time Expt. Samples Reps. Description 
8/3 1130-
1400 
1 70 1,2 Levels expt. 5 leaves/plant 
before FF. 
8/18 1030-
1830 
border 87 none Diurnal curves on end pots at 
6 different soil-moisture con­
ditions, 1 plant each MST/time 
3 leaves/plant, 5 time periods 
at 2 hr interval. 
8/19 1300-
1500 
(Ps) 
1500-
1600 
(Cond) 
1 56 4,10 FF comparison within potom-
eters, 2 leaves/plant. 
8/26 1 84 3,5,6 
9,11,12 
Paired FF comparisons, 7 MST/ 
rep, 2 leaves/plant 
8/26 
8/27 
field 46 field Sampling both sides of midrib 
after swabbing one side with 
FF on 8/25. 
9/1 2 110 
(72) 
1-6 FF comparison, 2 samples/rep 
in rep 1,3,5, one sample/rep 
in rep 2,4,6. 
P^hotosynthesis, conductance, and PPFD were measured except on swabbed 
leaves, 8/26 and 8/27, when conductance measurements were omitted. 
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Table B.3. Schedule of events, 1977 
Date Julian date 
Variety 1 
Planting 4/26 116 
75% silk 7/1 182 
FF 1 7/21 202 
FF 2 8/1 213 
FF 3 8/10 222 
Drydown period 1^  7/10-7/18 191-199 
Drydown period 2 7/20-7/30 201-211 
Drydown period 3 8/1-harvest 213-harvest 
Harvest 8/23-9/1 235-244 
Variety 2 
Planting 4/26 116 
75% silk 7/7 188 
FF 1 7/21 202 
FF 2 8/1 213 
FF 3 8/10 222 
Drydown period 1^  7/10-7/16 191-197 
Drydown period 2 7/20-7/30 201-211 
Drydown period 3 8/1-harvest 213-harvest 
Harvest 8/23-9/8 235-251 
S^oil moisture was measured at two-or three-day intervals during 
stress periods. 
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Table B.4. Schedule of photosynthesis measurements, 1977 
Date Reps. MST Variety 
7/19^  1-3 1-4 1,2 
7/22 1-3 1-4 1,2 
7/23 1-3 1-4 1,2 
7/28 1-3 1-4 1,2 
8/2 1-3 1-4 1,2 
8/3 1-3 1-4 1,2 
8/lCl 1-3 1-4 1,2 
8/11^  1-6 1 1,2 
8/12 1-6 1 1,2 
8/17 1-6 1 1,2 
8/24 1-6 1 2 
T^he above were foliar-fertilizer comparisons. Measurements were 
taken in the early afternoon under high irradiance. 
I^n addition to the above, on,8/11, samples were taken in a nearby 
field plot under shading by successively increasing layers of cheesecloth 
to obtain a light response curve. 
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Table C.l. Foliar fertilizer analysis, 1976 
N:P;K:S ratio is 60:12:9:6. Foliar fertilizer was applied three times at 
the rate of 150 1/ha each time. The pH was near 7.0. 
Composition 
Urea 110.75 Kg/ha 
NH^ -P 44.66 Kg/ha 
K-Poly 43.48 Kg/ha 
NH^ SO^  25.00 Kg/ha 
HgO 285 1/ha 
Tween 80 4.50 1/ha 
Total 450 1/ha 
Table C.2. Foliar fertilizer analysis, 1977 
Foliar fertilizer was applied in three applications at the rate of 22.5, 
4.5, 4.5, 2.25 Kg/ha N,P,K,S, respectively, with 30 g/ha B and Zn per 
application. pH = 4.84. 
Composition 
Urea 2176 g 
NH^ Polyphosphate 1500 g 
KNO, 264 g 
K2SO4 333 g 
B2SO4 187.5 g 
H3BO4 
ZnSO^ -7H20 
9.2 g 
7.1 g 
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Table D.l. Weather data for the 1976 season by Julian date 
Julian Temperature (°C) 
date Maximum Minimum 
Open pan Wind 
evaporation velocity 
(mm day'l) (km day-1) 
Precip­
itation PAR 
(mm day"l) (E m~^  day~^ ) 
175 27.8 16.7 6.6 163.3 4.1 54.9 
176 24.4 9.4 3.6 76.9 4.8 32.7 
177 29.4 9.4 9.9 121.8 0.0 67.8 
178 31.1 11.1 8.4 123.9 2.5 60.0 
179 25.0 17.8 3.9 52.9 4.1 33.1 
180 29.4 13.9 9.8 56.2 13.2 65.2 
181 22.8 12.2 6.7 105.4 0.0 53.0 
182 25.0 11.1 5.5 55.8 0.0 58.4 
183 26.1 9.4 7.8 45.9 0.0 66.3 
184 27.2 8.9 7.4 71.6 0.0 57.4 
185 28.3 15.6 7.0 63.6 0.0 52.4 
186 28.3 13.3 6.0 32.0 0.0 57.4 
187 30.6 12.2 6.7 28.3 0.0 61.9 
188 30.0 18.3 9.8 99.6 0.0 57.6 
189 29.4 12.2 6.5 52.6 0.0 58.5 
190 31.1 21.7 6.5 174.1 0.0 54.6 
191 35.6 22.8 11.3 163.4 0.0 62.3 
192 34.4 16.1 10.5 135.3 0.0 51.6 
193 34.4 18.3 7.7 50.8 0.0 51.2 
194 31.1 17.8 10.7 281.2 0.0 61.9 
195 34.4 21.7 10.7 104.2 0.0 63.2 
196 32.2 18.3 6.3 38.8 0.0 47.0 
197 30.0 10.0 8.7 85.9 0.0 54.6 
198 23.9 7.2 7.5 74.8 0.0 63.6 
199 30.0 12.8 6.8 46.5 0.0 62.5 
200 31.1 20.0 10.3 150.6 0.0 58.5 
201 33.3 20.6 4.7 157.4 0.5 20.3 
202 31.7 20.0 4.9 40.7 1.3 35.7 
203 30.6 20.0 6.0 97.2 0.0 42.7 
204 28.3 18.9 2.9 45.2 1.0 22.8 
205 34.4 12.8 7.7 29.8 0.0 57.8 
206 30.6 12.8 7.5 29.0 0.0 60.4 
207 30.6 17.2 9.6 107.0 4.1 60.6 
208 28.3 17.8 2.2 27.4 1.3 30.0 
209 28.9 20.0 5.6 89.0 15.7 35.1 
210 28.3 13.9 6.0 46.2 0.0 51.6 
211 28.9 18.3 4.9 57.0 0.0 42.3 
212 31.1 16.7 7.1 55.5 0.0 55.2 
213 26.1 11.1 7.9 76.2 0.0 57.1 
214 25.6 10.0 6.1 41.8 0.0 54.2 
215 27.2 9.4 6.7 49.4 0.0 60.7 
216 27.2 15.6 8.1 113.9 0.0 53.0 
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Table D.l. (continued) 
Open pan Wind Precip-
Julian Temperature ( C) evaporation velocity itation^  
date Maximum Minimum 
 PAR 
(mm day'l) (km day~^ ) (mm day~^ ) (E m~ day~^ ) 
217 28.3 17.8 6.5 143.7 0.0 45.3 
218 28.9 16.1 6.7 106.8 0.0 43.3 
219 23.9 6.1 5.5 63.4 0.0 46.4 
220 25.0 7.2 6.5 52.9 0.0 55.0 
221 25.6 6.7 7.5 192.9 0.0 50.1 
222 27.8 18.3 8.8 219.6 0.0 53.2 
223 33.3 17.8 6.9 84.0 0.0 48.9 
224 30.6 15.6 5.4 73.7 4.3 28.3 
225 30.6 15.0 4.6 25.7 0.0 47.3 
226 30.0 16.1 7.0 64.4 0.0 38.5 
227 30.0 14.4 3.8 105.9 0.0 36.8 
228 24.4 10.6 7.9 106.2 0.0 52,4 
229 22.8 15.6 3.6 207.7 6.1 24.0 
230 29.4 18.3 5.0 188.1 0.0 42.0 
231 32.2 17.2 7.0 103.0 0.0 47.5 
232 32.8 13.3 8.3 97.2 0.0 54.9 
233 30.0 12.8 7.4 97.0 0.0 50.4 
234 31.7 13.9 7.1 88.2 0.0 51.7 
235 33.3 17.8 6.1 37.0 0.0 44.1 
236 31.1 17.8 5.5 64.5 0.0 33.5 
237 29.4 15.0 4.7 55.4 0.0 33.1 
238 29.4 16.7 4.7 58.7 0.8 37.0 
239 33.3 17.8 8.8 151.4 0.0 49.6 
240 29.4 6.7 8.0 73.9 0.0 47.1 
241 27.8 6.1 6.6 53.1 0.0 50.3 
Table D.2. Weather data for the 1977 season by Julian date 
Precip- Open pan 
Julian Temperature (C) Itation evaporation Wind PAR 
date Maximum Minimum (mm) (mm) (km day" ) (E m"^  day"^ ) 
152 27.8 12.8 0.0 12.7 263.9 0.00 
153 25.0 8.9 0.0 8.9 123.9 0.00 
154 27.2 12.2 0.0 11.7 201.1 0.00 
155 32.2 18.3 0.0 12.4 270.3 0.00 
156 36.7 23.9 0.0 11.4 244.6 0.00 
157 23.3 17.8 0.0 18.0 365.2 0.00 
158 27.8 8.9 0.0 10.7 168.9 51.70 
159 25.6 15.6 7.6 7.6 185.0 72.55 
160 22.2 8.9 0.0 11.7 223.7 26.68 
161 35.6 14.4 0.0 14.5 337.9 57.34 
162 32.8 22.8 0.0 13.5 252.6 50.74 
163 24.4 18.9 0.0 10.7 231.7 44.62 
164 23.3 13.9 0.0 6.9 146.4 43.62 
165 26.7 12.2 0.0 7.6 93.3 57.51 
166 27.8 12.8 0.0 10.2 167.3 53.87 
167 28.9 18.3 1.5 7.4 214.0 28.79 
168 28.3 18.9 0.0 4.3 111.0 43.82 
169 27.8 15.6 0.0 12.4 207.6 63.66 
170 28.9 11.1 0.0 9.4 154.5 56.65 
171 25.6 14.4 0.0 12.4 196.3 63.70 
172 20.6 13.3 0.0 5.8 115.8 16.45 
173 26.7 13.3 0.0 7.4 154.5 53.99 
174 30.0 17.2 6.6 7.9 210.8 46.28 
175 32.8 16.7 3.3 7.6 104.6 56.14 
176 29.4 15.0 0.0 8.9 112.6 64.70 
177 32.8 14.4 0.0 9.4 96.5 62.94 
178 34.4 16.7 0.0 11.7 157.7 53.40 
179 25.0 20.0 0.0 9.7 223.7 53.40 
180 29.4 11.1 0.0 12.4 186.6 64.42 
181 24.4 18.9 1.3 11.2 289.6 49.70 
182 28.3 13.3 0.0 14.0 276.7 49.70 
183 29.4 11.1 0.0 11.4 185.0 53.50 
184 36.7 22.2 0.0 14.5 439.3 59.09 
185 36.7 23.3 0.0 17.0 294.4 61.46 
186 36.7 20.0 0.0 17.5 308.9 60.25 
187 36.7 25.6 22.6 15.5 297.7 57.09 
188 30.0 20.0 0.0 11.4 157.7 49.35 
189 28.3 21.1 0.0 9.4 151.2 55.33 
190 26.1 13.3 0.0 8.6 125.5 65.39 
191 28.3 15.0 0.0 10.7 173.8 49.73 
192 32.2 17.2 0.5 7.9 209.2 47.52 
193 30.6 15.6 0.0 8.6 119.1 61.38 
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Table D.2. (continued) 
Precip­ Open pan 
Julian Temperature (C) itation evaporation Wind PAR 
date Maximum Minimum (mm) (mm) (km day'l) (E m~2 d< 
194 36.7 16.7 0.0 13.0 159.3 57.93 
195 36.7 21.1 0.0 18.5 302.5 60.36 
196 32.2 20.0 4.3 9.4 148.0 46.81 
197 34.4 20.0 0.5 13.2 265.5 52.77 
198 26.7 20.0 4.6 4.3 173.8 17.07 
199 35.0 21.7 0.0 9.7 247.8 50.94 
200 34.4 21.1 0.0 13.2 297.7 58.00 
201 34.4 21.1 0.0 12.7 226.9 49.97 
202 26.1 20.0 3.8 7.4 181.8 26.85 
203 27.2 15.0 0.0 8.1 107.8 59.86 
204 30.0 16.7 0.0 10.2 173.8 44.27 
205 30.0 21.1 4.3 5.3 159.3 33.49 
206 26.1 19.4 0.0 9.7 180.2 58.69 
207 25.6 12.8 0.0 9.4 107.8 53.57 
208 26.1 12.2 0.0 10.2 181.8 56.41 
209 31.1 14.4 23.4 8.1 194.7 38.74 
210 31.1 16.7 0.0 5.8 123.9 55.51 
211 33.3 17.8 5.1 11.4 207.9 53.16 
212 24.4 13.9 0.0 9.4 197.9 61.21 
213 28.3 10.6 20.8 9.4 136.8 44.17 
214 26.7 16.7 0.0 5.6 210.8 53.99 
215 31.1 15.6 0.0 8.4 138.4 55.02 
216 27.8 16.7 0.0 3.8 93.3 36.39 
217 23.3 17.2 7.1 5.6 117.5 19.70 
218 21.1 15.6 0.0 3.3 86.9 21.64 
219 28.9 16.1 0.0 2.8 85.3 41.92 
220 23.9 17.2 102.6 4.1 131.9 28.86 
221 24.4 18,3 16.5 6.1 149.6 31.52 
222 22.2 17.2 0.0 5.3 140.0 48.94 
223 21.7 12.2 0.0 5.6 148.0 53.12 
224 24.4 8.3 0.0 8.6 146.4 58.06 
225 23.9 13.9 0.0 3.6 188.3 31.49 
226 21.1 9.4 0.0 5.3 77.2 32.25 
227 24.4 11.1 0.0 3.8 130.3 32.25 
228 17.8 16.1 77.0 2.5 236.5 17.00 
229 21.1 12.2 0.0 3.8 130.3 55.82 
230 21.1 6.7 1.3 5.8 78.8 47.80 
231 22.8 13.3 2.0 3.8 130.3 28.65 
232 22.8 12.8 4.3 3.0 115.8 37.33 
233 23.3 15.6 0.0 5.6 148.0 47.28 
234 22.8 10.0 0.0 5.1 130.3 31.87 
235 18.9 14.4 0.0 3.3 104.6 38.26 
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Table D.2. (continued) 
Precip- Open pan 
Julian Temperature (C) itation evaporation Wind PAR 
date Maximum Minimum (mm) (mm) (km day~^ ) (E m~2 day~l) 
236 21.7 8.9 0.0 4.6 101.4 53.19 
237 22.8 10.6 0.0 7.1 196.3 26.61 
238 26.7 18.9 13.0 2.3 255.8 22.64 
239 28.9 21.1 1.3 9.7 426.4 40.02 
240 19.4 16.7 49.5 2.5 193.1 21.98 
241 22.8 10.0 0.3 4.1 69.2 48.97 
242 26.1 15.0 0.0 3.8 164.1 24.12 
243 26.7 17.2 16.8 7.1 313.8 38.50 
244 24.4 16.1 3.6 7.9 143.2 38.36 
245 22.2 16.7 0.0 1.8 168.9 31.14 
246 18.9 14.4 9.9 4.8 114.2 14.38 
247 24.4 17.2 0.0 1.8 167.3 24.68 
248 23.3 12.2 0.0 4.8 117.5 45.86 
249 26.7 11.1 0.0 4.6 75.6 45.28 
250 23.3 16.1 10.7 4.8 94.9 35.15 
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APPENDIX E. 
MEANS AND YIELD CONVERSIONS 
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Table E.l. Means of grain yield and yield components, 1976 Experiment 1^  
Yield Seed Seed size 
MST FF g/plant number mg/seed 
1 1 232.4 590 397 
1 2 229.1 584 395 
2 1 200.5 513 395 
2 2 208.0 496 419 
3 1 195.0 496 394 
3 2 180.4 453 392 
4 1 209.9 521 407 
4 2 205.6 509 404 
5 1 184.6 479 385 
5 2 177.8 467 384 
6 1 179.7 480 378 
6 2 194.6 517 382 
7 1 163.1 458 358 
7 2 171.6 446 382 
T^he above means are means over the 12 replications, hence, represent 
data from 12 plants. 
N^o FF = 1, FF = 2. 
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Table E.2. Means of grain yield and yield components, 1976 Experiment 2^  
Yield Seed Seed size 
Variety MST FF g/plant number mg/seed 
1 1 1^  237.4 578 413 
1 1 2 208.8 514 407 
1 2 1 175.5 466 377 
1 2 2 180.9 485 372 
1 3 1 125.3 370 330 
1 3 2 168.0 491 345 
2 1 1 266.4 1009 265 
2 1 2 221.2 780 288 
2 2 1 207.9 630 348 
2 2 2 164.5 487 353 
2 3 1 151.8 463 323 
2 3 2 156.8 496 320 
T^he above means are means over the six replications, hence, represent 
data from six plants. 
N^o FF = 1, FF = 2. 
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Table E.3. Means of percent N, P, and K in the grain, 1976 Experiment 2^  
Variety MST FF %N %P %K 
1 1 1 1.56 .297 .325 
1 1 2 1.58 .315 .308 
1 2 I 1.86 .332 .350 
1 2 2 1.68 .275 .292 
1 3 1 1.87 .302 .308 
1 3 2 1.82 .303 .325 
2 1 1 1.12 .268 .448 
2 1 2 1.23 .252 .362 
2 2 1 1.60 .282 .352 
2 2 2 1.68 .262 .350 
2 3 1 1.65 .225 .332 
2 3 2 1.82 .262 .317 
T^he above means are means over the six replications, hence, represent 
data from six plants. 
\o FF = 1, FF = 2. 
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Table E.4. Means of grain yield and yield components, 1977 epxeriment^  
Yield Seed Seed size 
Variety MST FF g/plant number mg/seed 
1 1 l" 187.2 568 333 
1 1 2 168.3 570 297 
1 2 1 156.1 498 319 
1 2 2 147.4 495 300 
1 3 1 133.2 455 299 
1 3 2 122.2 463 268 
1 4 1 126.6 463 275 
1 4 2 123.0 481 258 
2 1 1 236.4 688 346 
2 1 2 230.7 705 332 
2 2 1 206.3 601 346 
2 2 2 190.1 559 346 
2 3 1 161.3 542 298 
2 3 2 151.5 554 274 
2 4 1 164.1 602 272 
2 4 2 149.9 540 279 
T^he above means are means over the six replications. Each experimen­
tal unit represents four plants, hence, each mean represents 24 plants in 
6 experimental units. 
N^o FF = 1, FF = 2. 
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Table E.5. Means of percent N, P, and K in the grain. 1977 experiment* 
Variety MST FF %N %P %K 
1 1 1^  1.74 .493 .393 
1 1 2 1.89 .507 .395 
1 2 1 1:79 .490 .372 
1 2 2 1.94 .522 .375 
1 3 1 1.91 .513 .383 
1 3 2 2.07 .550 .405 
1 4 1 1.90 .503 .383 
1 4 2 2.04 .512 .395 
2 1 1 1.53 .475 .348 
2 1 2 1.69 .502 .352 
2 2 1 1.64 .475 .365 
2 2 2 1.80 .498 .360 
2 3 1 1.71 .478 .352 
2 3 2 1.93 .513 .357 
2 4 1 1.67 .488 .345 
2 4 2 1.93 .497 .343 
T^he above means are means over the six replications. Each experi­
mental unit represents four plants, hence, each mean represents 24 plants 
in 6 experimental units. 
\o FF = 1, FF = 2. 
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Figure E.l. Conversion for weather shelter yield in grains per plant to 
quintals per hectare, Kg per hectare, and bushels per acre 
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APPENDIX F. 
CALENDAR TO JULIAN DATE CONVERSION 
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Table F.l. Calendar to Julian date conversion for the 1976 and 1977 
seasons 
Julian date Julian date 
Month Day 1976 1977 Month Day 1976 1977 
6 20 172 171 8 1 214 213 
6 21 173 172 8 2 215 214 
6 22 174 173 8 3 216 215 
6 23 175 174 8 4 217 216 
6 24 176 175 8 5 218 217 
6 25 177 176 8 6 219 218 
6 26 178 177 8 7 220 219 
6 27 179 178 8 8 221 220 
6 28 180 179 8 9 222 221 
6 29 181 180 8 10 223 222 
6 30 182 181 8 11 224 223 
1 183 182 8 12 225 224 
2 184 183 8 13 226 225 
3 185 184 8 14 227 226 
4 186 185 8 15 228 227 
5 187 186 8 16 229 228 
6 188 187 8 17 230 229 
7 189 188 8 18 231 230 
8 190 189 8 19 232 231 
9 191 190 8 20 233 232 
10 192 191 8 21 234 233 
11 193 192 8 22 235 234 
12 194 193 8 23 236 235 
13 195 194 8 24 237 236 
14 196 195 8 25 238 237 
15 197 196 8 26 239 238 
16 198 197 8 27 240 239 
17 199 198 8 28 241 240 
18 200 199 8 29 242 241 
19 201 200 8 30 243 242 
20 202 201 8 31 244 243 
21 203 202 9 1 245 244 
22 204 203 9 2 246 245 
23 205 204 9 3 247 246 
24 206 205 9 4 248 247 
25 207 206 9 5 249 248 
26 208 207 9 6 250 249 
27 209 208 9 7 251 250 
28 210 209 
29 211 210 
30 212 211 
31 213 212 
